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Abstract 
Drawing and designing have always exhibited a close relationship but this programme 
of resc=h presents new knowledge regarding their interaction. The ability to model 
graphically. particularly via freehand drawing or sketching, is shown to provide a wide 
range of designers with a valuable and flexible resource for communication. More 
importantly. this thesis presents sketching activity and sketch output as significant to 
the cognitive processes of creative design development in individual and team working. 
Such new knowledge is urgently needed. Professional design practice - particularly 
industrial design practice - is shown to be experiencing dramatic changes. It is 
proposed that various commercial pressures, together with technological developments, 
have contributed to the phenomenon of computer supported collaborative working 
(CSCWV). It is further proposed that the construction of suitable environments for what 
the author terms 'computer supported design teamworking' (CSDT), largely by those 
outside of the design professions, is hindered by a poor understanding of the functions 
and value of sketching. 
This thesis presents a research programme of two projects. The first, sponsored by the 
National Society for Education in Artand Design (NSI AD). exploits a focused 
interview technique in an analysis of the functions of sketching in the creative 
synthesis. exploration, development and resolution of industrial design problems. The 
second project presents a close study of the sketching activity and sketch output of pairs 
of industrial design students. The Analysis of Graphic Acts (AGA) project (based on 
data produced in an earlier project entitled ROCOCO at Loughborough University) 
reveals significant differences in drau-ing activity between pairs of subjects 
collaborating proximally and similar pairs collaborating from remote sites via computer 
based tools. The analysis reveals a 30% decrease in overall drawing production by 
remote participants but a 51% increase in time making Graphic Acts. In spite of 
producing a 17% lower mean number of sketches, the mean number of shared sketches 
was 31% higher. Their was an increase of 37% in Sketch Graphic Acts (SGAs) per 
sketch and 529x' more SGAs were committed to shared sketches in the remote 
condition. There was a 31% decrease in the proportion of sketches with three or less 
SGAs (characterised as 'thumbnail' sketches). The work leads to recommendations for 
the design of future CSDT environments via a discussion of the sketching requirements 
of industrial designers. 
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Introduction 
In 19S4 the author was a new member of academic staff in the Department of Design 
and Technology at Loughborough University. There were significant and diverse 
opportunities for research. In the UK. design education at Secondary level had barely 
reached maturity and had yet to became established at Primary level. In higher 
Education the phenomenon of 'design research' took many forms including practicc- 
based research as well as philosophical and experimental inquiries. Significantly. 
'design' had. by this time. become part of the vocabulary " or at least the rhetoric - of 
British business and industry. This was largely due to the activities of central 
Government %ia the Department of Trade and Industry and agencies such as The Design 
Council. However, its definition and application within the sector differed 
considerably. The 19SOs was also a time of dramatic technological and economic 
change. Organisations demonstrated a heightened awareness of the need to establish a 
competitive edge in international markets and one of the key topics was the better use of 
resources. With regard to resources. two related phenomena stood out at this time. 
Firstly the rapid development of technologies for computing and communications and, 
secondly. the desire on the part of many organisations to facilitate improved 
teamworking. The design industry. particularly that represented by research and 
development activity in manufacturing industry and in product design consultancies, 
had a close interest in both of these phenomena and, potentially, it provided a market 
for new knowledge which addressed the particular needs of the design professions. 
It was a buoyant time to be beginning a research career. Iioawesver, while there was 
clearly a market for appropriate new knowledge plus the opportunity to undertake 
research it was not at all clear what knowledge would prove to be appropriate. It was 
the character of the research culture in the university sector which was initially 
influential in establishing a research direction. 
Although an explicit and broad foundation of design research had been established in 
the UK since, certainly, the 1960s the design research community was a small one. 
The early studies involved professions that were themselves still emerging and the 
findings were often based on small research projects. Investigation and understanding 
of the practices of design appear naive - even when compared to our incomplete 
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knowledge at the end of the 1990s " relying, as they did, largely on commentaries of 
tacit undcrstanding by experienced practitioners and educators. It is worth noting here 
the simultaneous education-based research which mace significant contributions to an 
understanding of design and designing. The 'modelling' processes of designing were 
clearly difficult to articulate but it as the limited amount of research into these 
intcn aliscd and complex workings which stimulated a broad interest in design research 
by the author. This was given a sharper focus at Loughborough via recurring 
questions regarding the functions and value of drawing and particularly 'sketching' in 
designing activity. Them were also pertinent and timely questions asking why 
sketching merited a significant pan of increasingly crowded design curricula? 
Within design research. freehand drawing or skrrching particularly suffered from a lack 
of theoretic underpinning. While the shelves of iibrarics and book shops presented 
comprehensive guides to the 'howl' of sketching very little appeared to address itself to 
the "%hys'- particularly for subjects outside of an education. It was curious that while 
sketching had formed a central skill in tertiary design education throughout the 
twentieth century (and much earlier in some cases) the development of design capability 
in general education was proceeding with little or no published work regarding the 
functions and value of sketching within design activity. It appeared that here was a 
unique field %%here the scale of the need for research was in marked contrast to the scale 
of the resources available. The author saw here an opportunity to combine an interest 
in the procedures of commercial design activity with the needs of design education in a 
research programme. 
In 19S7 an opportunity emerged to submit resc=h proposals to the National Society 
for Education in Art and Design (NSEAD) under their annual bursary award 
competition. This Was sponsored by Berol Ltd who each year offered a C1,200 
bursary prize for a research and/or curriculum development bid in the field of art and 
design education. A rather humble research proposal titled 'Drawing and Designing' 
was submitted which proposed to investigate. via semi-structured interviews. the role 
of drawing and sketching for twenty individuals engaged in commercial design activity. 
The author won this bursary in the summer of 19S7 and research interviews took place 
between August of that year and August 1988. It was a genuinely illuminative research 
project as befits the start of a research programme. There were few expectations 
regarding what was likely to emerge regarding draining and its functions for a broad 
range of designers which included. amongst others. a theatre designer, an engineer, a 
silversmith and an architect. The questions were mostly open-ended and the interviews 
were allowed to follow directions suggested by the interviewees. It was an immensely 
valuable project and continues to be so. The findings together with the conduct of the 
research arge discussed in detail in Section 3 of this thesis but for the purpose of this 
introduction it can be noted that the project not only provided the foundation to later 
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studies to the programme but it continues to be cited by eminent rescarchcrs in the field 
tue Archer. 1997. p39). So began the first pan of the programme - one which was 
concerned with the functions and value of sketching for designers who operated both as 
individuals and within teams. 
The programme of research had begun during a period of fundamental change in the 
design professions. Computer based working was becoming a necessity in a wide 
vancty of professions and occupations within. for example. administration, 
government. medicine, transport services, tourism and manufacturing. 'Where arc 
numerous advantages to computer based working for many levels of commercial 
activity from individuals to multinational corporations. These include potential for 
remote working and rile sharing. convenience. cost. information processing and 
computer based communication. The design and design-related professions have been 
quick to identify that computer based modelling has distinct advantages over other 
modelling systems. Computer modelling allows individuals to easily generate and 
modify infor ation; the input devices (the computer and peripheral equipment) arc 
conveniently packaged and can be located almost anywhere; digital data arge easily 
stored or transfcnrd; sophisticated evaluation is possible at a fraction of the time and 
cost of some traditional methods; and computer models are compatible with modem 
management requirements for teamworking and simultaneous development. 
The age of the 'heroic' individual designer has long since passed. Whilst there may be 
some people engaged in designing activity who work alone - such as some crafts 
people - for most design specialists, work %ill include collaboration with a wide variety 
of others. The range of knowledge required in most areas of design is simply beyond 
the individual - instances might include expert understanding of materials, manufacture, 
costing, marketing, human factors, and legislation. Because of this, most professional 
designing activity, from that based in corporations to that in consultancies, requires 
teamuorking skills and the ability to share models. In the 1990s this is being 
supplanted by the ability to work creatively in multifaceted teams and implies not only a 
developed tcamworking ability but the skills, temperament and facilities to jointly 
develop relevant models. 
Computer based working became established %-cry early in the design and design. 
related professions. They were in an ideal position to exploit new developments in 
computer based group working and this was accelerated by the pressures for 
tcamworlüng highlighted above. In recent times computer based working has become 
associated with significant changes to the practices in business and industry. being at 
various times cause or effect. Its influence can be seen in new activities at all levels - 
from the factory floor to the boardroom. The influence of computer based working 
within the design industry and particularly in new product development has been 
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considerable - not least because new product development now concerns all aspccts of 
an organisation including research and development, production and marketing. 
Computer based communication. as seen in large corporations such as Boeing, was 
partly fuelled by the demands of organisations who required an efficient and flexible 
means of linking people together and partly by the technology print of rapid 
developments in computer technology and telecommunications. Computer based 
communication was built on the demands established through the telephone and fix 
technologies. Electronic trail (email) and other related tools supported group working 
but initially limited this largely to asynchronous working - the receiving of, assimilating 
and responding to information a%-cr a given period of time. There are some important 
reasons why asynchronous working might be very desirable " particularly for the 
design community and this aspect is developed in the work, but the search for a tool 
which facilitates synchronous or real-time working - and by implication a synchronous 
modelling capability - has proved %-cry attractive to companies worldwide. 
Thus both commercial pressures and technological developments combined to make 
fast, efficient communication available and essential both within and between 
organisations. Commercial advantage resulting from improved teamworking, better 
information and quicker development cycles was, and still is. the motivating goal for 
industry worldwide. It became clear during the NSEAD project that, in the context of 
modern design practices. an investigation of the sketching of individuals was of less 
significance than an im-estigation of sketching bctwccn individuals in design teams. 
This shift of emphasis was brought about partly by observations of commercial practice 
and partly by the statements of the interviewees in the NSEAD project. 
In 19SS the author %%-as invited by colleagues at Loughborough University to participate 
in the construction of a major bid to one of the Research Councils which proposed to 
investigate computer supported co-operative working (CSCW). The bid was 
successful and r ived £190.000 for a three year project of experimental studies which 
carne to be known as 'ROCOCO' (from the words Remote Communication and Co- 
operation). The ROCOCO studies of CSCW provided the perfect opportunity to 
pursue an inquiry into the role of sketching for design teams - particularly sketching by 
computer supported design teams. The ROCOCO project consisted of two phases of 
research studies. Phase One consisted of studies of pairs of subjects who worked 
proximally on a given design task; that is, face-to-face and without computer support. 
Phut Two required similar pairs of subjects to collaborate on a design brief but this 
time they were located remotely from each other and linked by audio and video tools 
and a computer mediated shared drawing surface. Partly this inquiry was conducted 
within the ROCOCO project between 1958 and 1992 and the findings which emerged at 
the conclusion of the project are fairly attributed to the team involved. Howw"ever, there 
his been a subsequent 'revisiting' of the data by the author in 1997 and this has 
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facilitated a new and unique contribution to kno«wIcdgc concerning the functions and 
value of sketching within CSCWV. Central to this revisiting has been the development 
of a process of Graphic Act wuhysü as a means of defining important differences 
between sketching activity of computer supported remote frs when compared to 
similar studies undertaken with proximal subject pairs. This resc=h is referred to as 
the Analysis of Graphic Acts (AGAA) project in order to distinguish it from the earlier 
ROCOCO project which pro% the original studies. This is presented in Section 4. 
lt is proposed that computer supponcd design icamworking (CSDT) is an increasingly 
important clement of CSCW. Furthcrmorc, a greater awareness of the functioning of 
sketches and sketching within CSDT systems is required it they are to meet the 
requirements of the design professions. 
Although they cmplo? rd very different resc=h strategics the ROCOCO/AGA project 
and the NSEAD project assist the definition of the complex functioning of sketching 
where designers am collaborating with others. The functioning is partly concerned 
with communication bct. %-cen team members but. perhaps more significantly, the 
research programme highlights the role of sketches and sketching in support of 
cognitive processes concerned with the creative manipulation of ideas. 
CSDT research is a subject which can only increase in importance in the decades ahead. 
Local computer networks within design organisations are important but they have 
already been supplemented by international networks - mirroring initiatives in other 
professions such as medicine and higher education. CSDT would appear to be unique 
within CSCWV in its demand for and exploitation of a drawing interface. More 
particularly, CSDT appears to require, more than other applications of CSCW, a 
sophisticated means of supporting sketching activity between participants. The creative 
stages of designing (which may repeatedly occur throughout a given example of design 
and development) particularly appear to rely on sketched pictorial imagery for the 
communication and development of the problem space. creative interpretation of 
information and the support of emerging ideas. They are also stages where many and 
varied contributions are expected. They arc vital stages in all new product development 
and much investment rests on the quality of their support. procedures and output. 
Designing has become an international activity and international communication is an 
expected part of many designers' skills. However, little research exists which informs 
the functioning of remote and virtual design teams - temporary constructions of groups 
of designers and other specialists involved in new product development (NPD) and 
who may be located considerable distances apart. More particularly, little research 
exists %hich highlights the important contribution of sketching in synchronous and 
asynchronous collaborative work between remote designers. 
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A Diagrammatic Itcprescntntion of the Subjcct Matter 
This thesis is dcrivrd from a pmgrmmnu of research into sketching undcrtakcn at 
various times between 19S7 and 1997. The structure of the thesis. presented as five 
sections. facilitates the communication of the two projects which make up this 
pmgramme. The character of the research inquiry can be represented by a simple 
model comprising of two superimposed figures (Figures 1.1 and 1.2). These arc 
discussed separately and then combined as Figure 1.3. The figures facilitate the 
presentation of distinctions bete-ern sketch attributes. sketch functionality and the 
conditions in which sketches arc made and are founded on two observations: 
I. Sketching rrquirts a drawer or `agent' of the activity, and it requires a 'viewer'. At 
some points in any given design activity the agent and %icwcr may be one person; at 
other times in the same activity there could be many agents and many viewers. 
ii. A designer, acting as agent, undertakes sketching activity and produces sketches 
for their own perceived needs. They act to determine the functionality of the sketches. 
However, sketches have aunbutcs of which only some may be intended by the agent. 
This is potentially problematic since attributes arc partly determined by the agent and 
partly by the viewer(s). 
SI etd ing Sketching 
function- function- 
Internal External 
Private Public 
Pemo ul Ex scd 
Dc, tk-rmcntal Communica- 
tional 
Fig 1.1 Diagrammatic model trpmenting two bred uus of intukrd functionality for sketching 
undCulcn w, thsn design acti%itr the kit coi-crned with 'internal'. developmental functions and the 
nght for 'ettcrnal'. commun, cat, on"mlated funct ons. 
Figure 1.1 seeks to prtsent a distinction in sketch functionality between broadly 
personal or 'internal' functions and those which arc associated with communication and 
may be termed 'external' functions. Both of these functional types may be employed at 
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many points in any given example of design activity " each giving rise to particular 
types of sketch output. Internal sketching functionality is required when an individual 
designer operates as both agent and viewer. In this case sketching may be seen to 
support personal cognitive processes and it may have an important relationship with 
creative and analytical processes. Thumbnail sketches or speedily drawn doodles might 
be a typical output. They may not be intended to be shown to any other person; that is. 
they may have no explicit communicative function, but nevertheless they are generated 
in a personal process of internalisation. represcntation, evaluation and development. 
External sketching functionality is required when a designer attempts to communicate 
graphically with others involved in the process. Iltis type of functionality underpins 
the need to employ drawing conventions and the output can be distinctly different to the 
former type. A central research question for the NSEAD project concerned the extent to 
which designers value and exploit both of these functional capacities of sketching in 
design activity and this is explored in Section 3. The tessellated boundary lines in the 
Cgures is intended to represent the absence of a clear division between the areas of each 
model. 
Figure 1.2 pmscnts the other half of the rtscan h mold which tcpttscnts the griphic 
act analysis undertaken %ia the ROCOCO/ÄGA projects. 
Proximal I Synchronous 
Pairs at student designers anhing 
collabarau dy farc-to4we and a ith pat and 
pa{ so as to resolut a shared design task in 
a set time 
Reime I S)Tochmnous 
Pairs of stunt designers woc Ling 
coiiahxativ-cly but remotely locauU and 
linked by coanpwcr mediated tools for 
comanunitataon and design in the resolution 
of a shared design task in a set time 
Fig !.: Diagrammatic model of the Analysis of Graphic Acu (AGIL) project. It represents two areas 
of rescuch mb sketching in collatxarati e designing: the uppct concerned with 'proximally' located 
participants aI J the %oNCrctncrrned with remotely located panicipants. 
As with Figure I. I. Figure 1.1 displays two sides " this time divided by a horizontal 
tessellated line. The upper half represents fate-to-face or 'proximal" tcamworking 
lruroJuuiat 7 
which. to this programme. means studies of sketching activity and sketch drawings 
produced by pairs of design students %% ho were collaborating proximally on a shared 
design task. That is. they worked together in the same room, sharing one large pad of 
paper on a large flat topped desk. This may be vic%-cd as representative of a 
'tr ditional' teamwork situation where participants can physically interact through 
discourse and gesture as well as via sketching. The area below the boundary line 
represents 'remote' designing acti%ity and. more particularly. the exploitation of 
sketching in remote design activity. In the programme it comprised pairs of student 
designers who were located in different rooms but who were provided with computer- 
based tools to support their task of resolving a shared design brief. This is discussed in 
detail in Section 4. 
When one superimposes the two models presented as Figure 1.1 and Figure 1.2 one 
achieves a crude functionality/activity model of the structure of the research 
programme. It also highlights some of the guiding issues in the research. Figure 1.3 
presents the combined model. 
rntcnul External 
Proximal Proximal 
Intcnut External 
Remote Remote 
Fig IJ Diagrammatic model rcpccun ing the rasc=h inquiry and prcscnting s maviz of fair arts of 
concern for ncuarch into sketching in coltaborsuve designing. 
The top right quarter represents research into the communicative functions of sketching. 
This is probably the least controversial and easiest field to understand and it has seen 
the most research activity in recent decades. Even the non-specialist would appreciate 
that sketching can support communication in face-to"face meetings and Section 1 
summarises relevant published work in preparation for related findings in the NSEAD 
project. 
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The top left quarter mows into less well r scarnccd and less documented territory. 
This concerns the exploitation of sketching as a personal developmental tool. The 
NSC. jAD project is helpful in illuminating its exploitation by a wide variety of 
individuals in a number of contexts. Both the NSEAD project and the AGA project 
illuminate the integration of intcrnally. oncntcd drawing strategies with the exploitation 
of cxtcmaily-oriented communication strategies. Analysis of the personal use of 
sketching, by individuals and those operating in teams, is less common and would be 
one area %%-here this work would claim to make a contribution to knowledge. 
The lower right quarter of Figure 1.3 represents research into the use of sketching for 
communication where participants are located remotely from each other and linked by 
computer based tools. This is a relatively new field but thcrc has been significant 
research activity because of the tremendous growth of computer based working in 
recent decades. There has been a guying demand for research which will lead to 
improvements in computer based working practices, particularly computer mediated 
communication (CMMC). and this has not arisen solely from the design professions. An 
ever increasing range of professions involve CMC such as finance and banking; in the 
motor and oil industries: and in travel and medical services and this demand has fuelled 
research into such areas as teleconferencing, networking and multiple rile sharing. 
However, the design professions have provided a big stimulus to research into the 
exploitation of sketching as one of the tools of CMMC. The NSEAD project and the 
AGA project together provide an important review of the functions and value of 
sketching in computer supported design teamworking and the findings may well have 
applications in other professions. 
The lower left quarter of Figure 1.3 is, without doubt, the least explored aspect of 
drawing. This quarter represents research into the exploitation of sketching to support 
internalised, personal capabilities within computer supported design teamworking. In 
this propmmme it takes place within pairs of remotely located design students who are 
connected by headset telephone, shared computer-based drawing surface and a video 
link to their partner. The internal functionality is partly illuminated by the NSEAD 
project and concerns creative strategies (for example. the generation or interpretation of 
ideas), developmental strategies (for example, personal evaluation and improvement), 
and other strategies associated with a personal capacity for conceptual modelling. This 
quarter represents that research in this programme (particularly via the A GA project) 
which sought to examine both the personal use made of sketching and, for both 
indi%iduals within a pairing, the relationship between creative and communicative 
strategies as manifest in computer supported design tcamuorking. Once again the 
author would claim to be able to make a contribution to knowledge via the research 
represented by the third and particularly the fourth quarter of the model depicted in 
Figure 1.3. 
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This thcsis aims to prescnt a contribution to knowledge regarding the functions and 
value of skctching for the design community. It seeks to establish our current 
understanding regarding the functions of sketching in crcativc work with particular 
rc: crencc to the industrial design community. The findings arc integrated and applied to 
new and emerging technologies in order to guide the developers of future systems. It is 
intended that future cnvironmcnts for computer supported design tcamworking will 
better support the richness. quality and functionality of sketching for industrial 
designers. 
A map of the thesis is presented as Figure 1.4. The NSEAD project and the 
ROCOCOIAGA project are given their own sections (Sections 3 and 4 respectively). 
An appropriate beginning to the thesis has been less easy to determine. 't'here is little in 
the form of an accepted research foundation in drawing and sketching on which this 
research could be based. If anything, the subject field is characterised by some good 
but specific research work, many omissions and a good measure of disputes. 
However, this is turned to advantage in Section 1 where an accurate picture of the field 
can be presented under the heading 'Perspectives in Drawing Research' with 
contributions from fields such as art, education, psychology and engineering. This 
provides the reader with an insight to the context of themes and issues within which 
this work should be read. A discussion of methodology appears in Section 2. 
Section 1I Chapta H pta Ii °T Ii Oupcu 4 11 
Scction 
Section 3I `t 
M Clupta H Chapter M Chapter 
G7 I' 8II9 
Chapw H Chapter H Chapter Section 4I chlNer 
11 12 1 
Section 5 
A im 
Fig 1.4 : lip of the thesis. 
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Section 5 returns to the principal thcmcs and rcvicwrs the significance of what has been 
achicvcd. The conclusion of the thesis seeks to explore the current and future 
commercial application of CSDT. It presents opinions from members of leading-cdgc 
manufacturing industry including Black & Dcckcr and Motorola plus leading-edgc 
consultant designers. and it highlights potential future research directions. 
Sums and Objccthcs 
The progmmmc has taken place over a ten year period and, understandably, the aims 
and objectives have developed during this time. More particularly, each of the two 
projects presented in this thesis have their own distinct aims and objectives. At the 
outset of the programme the future direction was unknown and hence the need for the 
illumination sought via the NSEAt project. However, it is possible, with hindsight, to 
identify a loose set of aims and objectives for the overall programme but each project 
description (Sections 3 and 4) includes the specific aims, objectives and conclusions 
pertaining to that work. 
Programme Minis 
To bring about new knowledge concerning the exploitation, functioning and 
value of sketches and sketching activity for professional designers and design 
students operating individually, in pairs and in larger teams - particularly, but 
not exclusively, in the field of industrial product design. 
To illuminate the practice of sketching within the emerging phenomenon of 
computer supported design to unworking and to analyse the ability of a 
particular collaborative system to support sketching where participants arc 
located remotely and linked by computer based tools. 
To produce evidence on which to justify the continued development and/or 
inclusion of the teaching of design sketching in increasingly crowded design 
curricula in schools and higher education. 
Programme Objcctires 
" To undertake a literature survey and focused interviews %%ith respect to drawing 
and designing so as to illuminate the research Gcld, determine research 
parameters and to establish a detailed research agenda. 
" To explore terms and definitions associated with sketches and sketching activity; 
to document the functions and value of sketches and sketching for a wide range 
of professional designers; and to interpret current thinking regarding the 
cognitive processes associated with design sketching - particularly in the 
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creative stages of designing. 
To cstablish the reasons underpinning the emergence of computer supported 
design teamworking and to discuss the likely importance of sketching within 
this. 
To devise and undcrtakc studies so as to be able to identify any significant 
differences in sketching and sketch output between pairs of design subjects 
located face-to-face, and using pens and paper, when compared to similar 
subjects located remotely but linked by audio, video and a shared computer 
based drawing facility. 
To make rccommcndations concerning the likely sketching requirements of 
designers if systems for computer based communication are to be effectively 
used to support remote, synchronous. collaborative design activity. 
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1.1 An Interest in Sketching 
Dra«ing may be vices cd as one of the most basic and ancient abilities of the human 
rscc. The functions of drawing have des-clopcd over time and in ttccnt centuries 
draving has become identified both with leisure and with distinct professional activities 
such as designing. More recently still. it has become a subject for research, rather than 
merely a central part of the means of practising. 
The nineteenth century saw a marked increase in interest in preparatory drawings - 
particularly those of artists. Them may be many reasons for this: the wider availability 
of drawings via improvements in publishing: the influence of new sciences such as 
psychology: a democratisation of the arts and sciences and an awareness of a 'process' 
of creativity each may have contributed to an increased interest in the fr ehand drawings 
and sketches of various specialists. While much sketched output may never have been 
intended for the eyes of any vicu er other than the drawer it is this very aspect which 
provides value. It appeals to our voyeuristic character. promising insight into the mind 
of the drawer. The status of preparatory %%ork. particularly sketches on paper, has been 
enhanced during the twentieth century and. today. interest in such work by public and 
professional communities is immense. There have been a number of events in recent 
years which highlight the widespread interest in sketching activity and output. In 19S9 
the British Museum otgºniscd a major exhibition and conference entitled Drawing, AIrt 
and Dnrlopmenr. in 1993 The Design Council gave over their flaymarkct premises to 
an exhibition entitled Dr wing Up Idear, and in 1995-96 the Victoria and Albert 
Museum organised an exhibition and conference entitled Rack of an Ein-elope. Many 
of the displays presented very early, conceptual ideas, in sketch form, of familiar items 
of our consumer culture such as household appliances, cars and personal products. All 
three exhibitions opened to critical acclaim and recorded good public attendance figures. 
Up to the 19SOs there was a very small community of rescarchcrs aho were actively 
engaged in studying and publishing analyses of drawing and sketching within design 
activity. By the mid 19SOs the crating research community had made significant 
contributions to the theoretic knowledge of drawing - and particularly sketching - that 
both derived from and informed practice. In the early 1990s, with the birth of the 
'new' universities in the UK from the old polytechnics and colleges of an and design, 
research in art and design was invigorated. Sketching was one of the subjects which 
attracted research interest. It is also worth noting that the Research Assessment 
Exercises in higher education have exerted a certain pressure to externalise research 
activity in particular ways and thine has emerged in recent years a number of new 
journals and conferences which have assisted the promotion and dissemination of an 
and design research including studies of drawing and sketching. 
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1.2 The Need for Research Into Sketching for Designing 
The demands for clanlication and dc. iclopmcnt of the rules of drawing within design 
ha%~c long been -. oiccd but rarely met. In a short article in u magazine in 1970, 
Phil Garay, then Design Group manager of Loughbomugh Consultants obscrvcd. 
.. the skill of 
drawing is so low on the list of pnontics in design education that 
people now have to he mmmndcd that drawing is, after all, a fundamental clement 
in the design activity. (p76) 
Colin Tipping (then of Middlesex Pol)tcychnici echoed this %icwv in the 19S0s stating 
that a fluent sketching ability is '.. the single most important factor in developing any 
general design ability' (Tipping 19SS). However, as we approach the end of the 
century, evidence arising from research into this important activity remains thin on the 
ground. It has been nearly twenty rive )-cars since Bruce Archer proposed his three 
language model of education in chick a competence bc)-ond numeracy and literacy was 
identified. In his paper The Trrc R's (1976) he parents a new approach to 
knowledge and a manner of kmo%ving which is distinct from those of Science and 
Humanities: 
«'hcrc Scicncc is the collected body of thcorrtical knowledge based upon 
observation. measurement. hypothesis and test, and the humanities is the 
collected body of intcrprct e knowledge based upon contemplation, criticism, 
evaluation and discourse. the third area is the collected body of practical 
knowledge based upon sensibility. invention. validation and implementation. 
(Archer 1976) 
In the same paper Archer identified drawing as a fundamental component of 
'modellind and proposed that modelling was the 'language' of this broad third type of 
human capability a hich he termed simply 'Design'. While the term `gaphicacy' 
appears in many publications of the time (see, for example, Brazil, 1975; Boardman, 
1992) in various attempts to promote drawing as a particularly valuable mode of 
modelling and represcntauon. there was little rigorous research into the relationship of 
drawing to the modelling of ideas by designers or design educators. Perhaps it is the 
immense scope of drawing that stifles a clear articulation of its functions. Not only can 
it be employed to communicate precise intentions (for example. via the conventions of 
engineering drawing), but it can convey mood and feeling through a process of 
interpretation. It may be exploited at the very earliest conceptual stages and as a final 
act in the design process. Between these extremes, drawing can provide a profound 
and diverse resource. 
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If there has been any 'tradition' of draining research as implied in the introduction then 
this too has been unbalanced and suhjcct. spccific. The Vine Arts. particularly. may 
rightly claim a long tradition of pratticc. bascd ttscarth through drawing. Within this 
field there has been a smaller but equally rrspccted tradition of research into drawing. 
This has tended to view drawing as output or prm uc:. I Io cvcr, knowledge resulting 
from research into dra%ing as an activity. that is as process is. at best. patchy. This 
state of affairs is all the more depressing since new technology presents us with 
significant new opportunities to exploit graphic imagery and to harness our graphic 
skills. If the opportunities arc to be realised the users and, more importantly, the 
developers of the systems need to have an adequate grasp of the nature and scope of the 
relevant issues concerning drawing. 
As a result of dramatic increases in computing powcr. even the most basic personal 
computers are now able to present and manipulate complex graphic images. 
Consequently there has emerged, particularly since the 19SOs. a growing interest in the 
graphic and visual aspects of computer science. A small but significant element of this 
has been the establishment of a research community concerned with investigations of 
the role of drawing, and particularly freehand sketching. within design activity. It 
would seem that one of the main motivational forces for this research has been the 
desire for an improved operational competence with new technological advances in 
communication. Information technology facilitates new working practices and a vast 
array of information sources has become available to individuals %ia their own 
computers. Equally importantly, teams of people can now be brought together via 
sophisticated teleconferencing environments eroding organisational and geographical 
boundaries. The design professions have been quick to realise the potential for such 
technological advances but little research exists which documents the particular graphic 
requirements of this work and which might lead to appropriate support systems. It is 
not merely a case of supporting communication as some manufacturers would have one 
believe.. Design activity is a creative acti%ity and systems which purport to support 
teams of designers who may be located a considerable distance apart need to facilitate 
such creativity in addition to communication. 
Researchers and research groups around the world are beginning to establish new 
knowledge concerning the subject of sketching and some of the important 
de%-clopments are explored in this section. More importantly perhaps, research is 
beginning to identify the boundaries to the domain and to highlight important new 
relationships with related subjects. The dc%, clopment of a new level of sophistication in 
computer based resources will require good quality information from well designed and 
rigorous research activities. Research studies into the manifestation of, and relationship 
between. drawing and designing are now more urgent than ever. 
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Rccscarch into drawing is a young subject. Its proccdures havc bccn adopted and 
adapted from other research fields. Part of its knowledge base has come from other 
disciplines including ncuroscicncc and child psychology. Other 'knowledge' exists as 
conjecture. including the subjective opinion of experienced pcacutioncrs and 
sntcrprctation of the findings of particular. and often small scale. studies by researchers. 
This is not to devalue such knosºledge but reflects. rather. an attempt to present an 
accurate picture of a mscarih community still seeking to establish a shared 
understanding of. for example. the value and appropriateness of rescareh methods. the 
boundaries to the domain and its relationship with other domains. It is a ttscarch 
community distinguished by its disputes over subject perspectives and research issues 
as much as its shared kno% ledge. The foundation of this research prngrammc was 
established in the context of certain important perspectives ahnt in the research 
community. Ihrcc key perspectives arc presented in this section. They concern; 
i. our current understanding of how draining and sketching works 
ii. the functionality of dran ing and sketching as modelling within design activity. and 
iii. the changing nature of design practice. 
Some of the issues rrsulting from the perspectives arc perennial while others arc new or 
have emerged recently. In order to explore these perspectives it is necessary to 
establish definitions to terms. This is itself no easy matter and Chapter One continues 
with a review of pointers in a scarch for workable definitions. 
1.3 Attempts at Defining Drawing: Activity and Output 
Modem knowledge of drawing has ariscn largely within a context of social 
democratisation and mass communication. Such knowledge is as likely to be the result 
of public or common interpretation as much as a result of scholarly inquiry. The 
process has facilitated the establishment of considerable variety in opinion and 
knowledge - not least in the terms used to describe both the 'activity' of drawing and 
the 'output' of drawing. Any attempt to construct a meaningful hierarchy of terms or a 
taxonomy of drawing is hindered by the idiosyncratic language in common usage and 
the lack of widely accepted definitions %ithin the research community. The art and 
design professions seem to operate with terms which have a considerable level of 
interchangeability - even within individual specialisms. Output may be referred to as 
drawings, sketches, visuals, renderings. toughs, etc. There have been a few attempts 
to define a dra%%ing taxonomy (see Schenk 1991) but the lack of agreement is a serious 
problem which hinders the research community in this field. 
It is the scope of the activity of drawing, as much as the variety of outputs refcn d to as 
drawings, that has given rise to difficulties in a search for a robust definition. The 
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Collins English Dictionary prn%"i&s clanfication on forty-one uses of the verb to 
draw'. Whilst it includes '., to depict or sketch as with a pencil or pen'. it also, 
interestingly, refers to '.. choosing at random. sharing, and attracting'. Philip Rawson 
prmduccd a seminal text on the subject in 1969. In his book, Drawing. he establishes a 
useful marker in a search for a dclinition: 
Drawing I take to mean that clement in a work of an uhith is independent of 
colour or thrrc dimensional space, the undcslying conceptual structure which may 
be indicated by tone alone. (Raw son 1969 p 1) 
Even this rather focused and particular definition allows a great deal of human activity 
to be viewed as drawing but Rawson's concentration on drawing within works of art 
fails to stimulate the examination of drawing as a rich and commonplace resource. A 
further helpful pointer was provided in the early part of the twentieth century by Vernon 
Blake. the English artist. lie states that: 
Drawing is a loose term to v hich we must accord at least two meanings. It 
consists first of all in a perfect comprehension of the structural nature of objects: 
and secondly in the poa-cr of expressing thought and emotion by means of 
writing down of such structural nature. (thakc 1927 p)O 
Edward fiill, in his prrsentation of studies of drawing from the Fine Arts, offers 
comment on lesser known dra%ings including preparatory studies and sketches and in 
doing so begins to uncover a richness of the subject Taking the activity of freehand 
drawing as a means for increasing one's perception. Mill presents a considered appeal 
for further study of graphic imagery within design activity. He prrscnts a concise and 
considered definition which highlights the process of drawing as much as the product. 
tie states: 
Drawing is the act of making a mark. line. or incision on a surface; and in the 
larger sense, a participation in the language of Drawing. (11111 1966 p8) 
The comparison of drawing with natural language has been explored by other 
researchers and there would now appear to be some agreement that the cognitive 
mechanisms for speech and visual processing are closely related. This is further 
explored in Chapter Three, The notion of drawing as a language has never really been 
subjected to rigorous and analytical dissection in the %%-ay that the linguist's domain has. 
The researchers of drawing have, for the most part. satisfied themselves with allusions 
and comparisons to the defined structure of natural language. Rarely has anyone 
attempted a codification for drawing to the extent of a Ammar or syntax. Evidence is 
either anecdotal or incomplete. 
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Rawson extends his analysis by prescnting drawing as 'the most fundamentally 
spiritual - i. e. completely subjccu c- of all %isual artistic activities' (Rawson 1969 p1). 
lie argues that nowhere in nature amour eyes confronted bylines and the relationships 
bctsk-ccn lines %hich he presents as the raw material of drawing. Ilowcvcr. if drawing 
has a profound relationship with subjccti%ity then shat can %%-c make of its potential for 
objceti c information? Ian Simpson presents cartographers' maps and engineers' 
illustrations as examples of the controlled communication of information through 
graphic means. Indeed. he goes on to state that the conwyance of information is a 
feature common to all drawings (Simpson 1957 p9). Clearly such a capacity of 
drawing to embrace the seemingly tangible in addition to the spiritual assists a search 
for definitions by highlighting a breadth to the functionality of drawing. 
1.4 Functionality in Drawing 
It is a strange paradox that chile dray ing is one of the most primitive of capacities of 
the human race, its functions and value mmain a subject for debate. Evidence or its 
application can be seen in all periods of human de eelopment from the case painting of 
prehistoric cultures, through ancient civilisations to our modern technological society 
and yet a clear understanding of the contnbution %% hick drawing makes to our existence 
clucks us. The lack of an mired terminology for various graphic acts and graphic 
output is likely to have had an influence in this. As noted above, any definition of 
drawing has to acknowledge drawing as both process and product and as such has to 
acknowledge a mlationship with human cognitive capacities. The artist Michael Ayrton 
noted in 1959 that. 
The process of drawing is bcfon all else the process of putting the visual 
intelligence into action, the very mechanics of taking visual thought. Unlike 
painting and sculpture it is the process by which (artists or designers) make clear 
to themselves, and not the spectator, what they are doing. It is a soliloquy before 
it becomes communication. (Ayrton quoted in Fish 1997 p2) 
The functionality of drawing as process is distinctly diffcrrnt to the functionality of 
dra%%ing(s) as output. These two types operate in various human activities but are 
particularly important to design activity which requires integrated support for 
w: emalised cognitive processes such as analysis, exploration, development and 
evaluation and e_ enna! ssed processes such as communication. The former is the least 
researched capacity and is expiated later in this section. This latter capacity, concerning 
the ability of drawing to support communication between the agent of drawing and the 
receiver, is more generally appreciated and can be concisely reviewed here via an 
examination of the work of Asher in. It is the quality of the integration of the 
functionality which is important and which must guide a definition of terms. 
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1.4.1 Drawing anti Communication 
Perhaps the most accepted and readily understood capacity of drawing is its ability to 
convey information from one person to another. A wide range of human interaction - 
and particularly design activity - relics uj%m succcssful communication for the 
identification of rrquircmcnts. the sharing of ideas. the confirmation of understanding 
and the cvaluation of proposals. It is because of this profound ability of drawings to 
contain and convey a %vide vahcty of information that numerous authors have adopted 
this as a focus for inquiry to the detriment of other capacities. One of the better 
analyses of the communicative functions of drawing within design activity is pro%ldcd 
by Clive Ash%in (1984) uho identifies six functions: 
i Me rfcrcn! ial function: the imperative to inform the receiver (client. colleague c1 at) 
in a precise and unequivocal manner in %hich every effort is made to eradicate 
alternative readings and ambiguities in the encoded message. Typical of this type of 
drawing are the engineering systems such as orthographic and aonomctric pmjcctions 
w hick present a particular type of resemblance to the object they seek to convey. 
Ash%%in refers to architecture in highlighting that c%-cn though such images may be 
carefully codified they may contain some personalisation %k hcrc symbols allow it. 
Essentially this type of drawing presents a rationalisation and an idealisation of the 
subject uhcthcr this be a building or an artefact. 
ii llzeemotitie/imcrion: when: the situation mquirts it drawing can be exploited to 
convey emotive qualities. operating via the perceptual mechanism of the vriewer. 
Ash%in cites contemporary fashion illustrations which deliberately distort physical 
characteristics in order to convey emotive qualities such as style and elegance. The 
rules are flexible. dynamic and fugitive - drawings change as fashion changes. 
interestingly. AshNin contests Victorian fashion drawing with its contemporary 
equivalent. The former, he pruposcs. exhibits a highly referential function a here 
viewers demanded (and could see) precise information regarding shape. cut and detail. 
The emotive function is also seen in craft. graphic design. product design and 
architecture where contextual mood and feeling may be held to be of greater importance 
than some physical details - particularly %%hcre such details do not add to the 
'desirability' of the subject. This function has not been lost on the marketing 
departments of organisations around the world who have exploited this capacity of 
drawing to show products in their best light. 
iii The conative (or injunctive) function: this concerns the capacity for dra%%ing to 
persuade - that is. act upon the information or perceptions gained via drawings 
(particularly emotive dra%ings rcfcrrcd to above). The desired action is typically the 
purchase of the subject in preference to others whether this be health and beauty 
Section I Chapter I The Context of Research into Drawing 21 
products. foodstuffs or consumer products. tWi% vin distinguislhcs conativc from 
cmotnc with rcfcrrncc to the strategies which guide the graphic activity. While the 
conatsvc forte of a drawing may be intended to be cmoti%-c it may not be genuinely 
cmoti c with respcct to the drawer. Some designers arc rtquired to produce images 
vhuch arc beguiling for the audience %%hilc repugnant to the drawer. Ashwin uses this 
to highlight a distinction between drawing for design and drawing in fine art activity. 
°ihc cognitive function must always harm misc with an artist's cmotivc aspirations: a 
fine artist ho draws in a certain way because it made his work saleable rather than 
because reflected his emotional condition thcttby moves into an area or activity more 
akin to ad%"crtising design than fine an. f Uhwin, 1954. p4S) 
iv The poetic or aestheticfiaction: While communicative drawing for design always 
his an instrumental purpose it may also exhibit a poetic or aesthetic function. This may 
not have been intended but can be perceived by the viewer. The camfully constructed 
and rcndcrrd drawings of the engineers E3oulton and Watt or the original artwork for a 
major film production such as Jurassic Park may possess an aesthetic (and commercial) 
value well beyond the original value of its referential and/or emotive purpose. Such a 
phenomenon is usually restricted to some later time when the significance of the 
drawing adds to its graphic qualities. Ashvin explicitly denies that self expression or a 
focus on the intrinsic beauty of drawings and the drau-ing act have any place in 
communicative design drawing. He views these as the domain of the fine ans. But 
that is not to say they do not make an important contribution to designing where other 
objectives. outside of communication, operate. 
v T'he plu ricfunction. Ashu in takes the notion of phasic communication from the 
domain of the linguist and proposes a graphic equivalent for the initiating, maintaining, 
redirecting and concluding of communication. He cites comic illustration as a prime 
example «hercby a rich system of graphic motifs is used and readily understood to 
capture and direct the attention of spectators. To u hat extent such a complex semiotic 
code is employed in freehand drawing is debatable but it has implications for an 
investigation into the use of such drawing in situations where two or more designers 
are collaborating on a shared beef. The parallels between phasic communication in 
natural language and the existence of a graphic phasic capacity would seem to be a 
relevant subject for analysis in studies involvrng multiple modes of communication 
between subjects engaged in collaborative design activity. 
vi The metolinsuistic frnaion: Ashwin concludes his list with mctalinguisuc 
communication by %% hick he means communication to comment upon, explain, clarify 
or qualify other communication. Such a function may give rise to drawings ranging 
from simple marks - for example. to highlight a particular image - to complex drawings 
relating to. but separate from, other (usually chronologically earlier) images. 
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Mcwlinguistic functions m. y conccm the communication of the context in which a 
particular imap should be read or may take the form of additional info tion to clarify 
understanding. 
1.4.2 Urswing. Sccing sand Interprciallon 
The rrlationship bctwecn drawing and string has providcd a rich rcin for r scar hcr%. 
13n ice Archer hu concisely stated that 
Dts«-ing is learning to see. Drawing is learning to look. To draw what you see 
is the first step towards the understanding of forme proportion and structure. not 
only in the tangible but also in the abstract. (An her 1997 p39) 
As an xcompanping clcmcnt to his tctcrision scrics Seeing through Dnnw1nq, Philip 
Rawson produced a %-aluablc book In the introduction to this he presents the fallowing 
analysis: 
Childrrns drawings illustrate %"cry powerfully the fact that what we are able to 
'see' in the world - not only things and facts, but quite subtle relationships of 
movements and personal response - depends very much on %%hat we 'know' is 
there to be seen. Not only that, but c%cn our being able to sec some part of the 
world as a '%% hole'. with things organised within it. can depend upon our having 
teamed to sec the whole that we know should be there. So one %ital function of 
drawing as we grow up is to help us to learn how to sec. (Rawson 1979 p8) 
Although Simpson initially appears to support this view it is clew that he values a 
particular quality of seeing for its effect on drawing capability-. '.. although most people 
can ... appurntly see ti-cry well, they see in general terms and not in the specific way 
which is necessary for drn wmg' (Simpson 19S7 plO). This is perhaps understandable 
given the didactic nature of his publication. 
Rawson presents seeing as equally important to drawing but extends the debate to 
include much wider human capacities concerning the creation of symbols. Clearly 
drzv-ings arc not, and cannot be. exact records of things seen. They are composed of 
constituent p=. such as lines, which are determined by the draftsperson and. as such. 
the images are made up from elements that no one cart 'sec' in any object. The 
foundation of Rawson's proposition cone ns the existence of a symbolic language of 
drawn lines and marks that are used by artists (and designers) to denote outline or 
separation of one plane from another in their work. If the language of draining is to be 
used to facilitate communication then the viewer must comprehend, if only in part, the 
symbols used in the realisation of the image. The nature of the prevailing cnýironmcnt 
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will play a role in defining the acceptability and use of such a symbolic. graphic 
language simply because the artist and the society in %%hich the artist operates share the 
same constructed reality. It is for this reason that it may be possible to isolate a number 
of languages - or at least differing use of symbols - within drawing, each operating in 
its particular time and each to a greater or lesser extent a response to its society. 
it seems likely that all children. from a %-cry early stage, make drawings as a means of 
ordcnng their cond. of making it intelligible. Whether it be with a paint brush or 
crayon they project. out onto a surface, images from inside themselves that are the 
result of perceptions and memories. Rawson describes a process of 'objectifying' 
whereby children create symbols for %hat is important to them or according to what 
constitutes truth for them. Whilst these images reveal a relationship with things 
distinguishable by natural language they arc equally a personal version of the symbol. 
That is to say. whilst a child may understand the words 'house' and `cat' and may be 
more than able to construct .2 symbolised. gnphic representation from the word, the 
drau-ing will differ in certain respects from other children's work. While some 
personalisation may result from the development of different skills or controls it scans 
that different interests. perceptions or exposure result in each child adapting the symbol 
to reflect a more personal truth In their analysis lull. Rawson and Simpson support 
the view that dra%hing is a product of an interaction between personal feelings on the 
one hand and the relationships and basic concepts of a symbolised language on the 
other. It is a phenomenon that appears to be clearly observable in the work of children 
but its influence in the more mature mind has been much less in cstigated and is much 
more difficult to discern. 
Hill reinforces this intcr"rclatcdness of clements %ithin the drawing process. He 
stresses the role of the psyche. operating in unison with technique in the construction of 
a dmuing. Through an analysis of a study by the artist Modigliani he rrfcrs to a 
'binding together of a personal sense of gesture and an individual response to 
experience' (Hill 1966 pS). In his analysis of the draving. 11111 appeals for our 
sensitirvity to the nature of Modigliani's vision and the ideas that involved him in the 
work. He refers to pace of line. fullness and tonality in support of his appeal to base 
understanding and appreciation on more than mere technique. 
1.4.3 Drawing as a Crcativc Facilitator 
At the level of a creative facilitator. drawing can be seen to provide many of the samt 
benefits to those engaged in design as it does for the painter and sculptor. Kirt Wirth 
extends the rclationshsp between drawing and seeing and in doing so develops the 
definitions: 
W'hcn u, c draw. we scc everything more penctratingly. We distinguish essentials 
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from non-csscntials. gi atncss kccamcs gmatcr and imallncss smaller. Anything 
%huch does not coninbute to the incipient concept is left out. The limits of the 
picture space are dctcnnincd and this is divided into tension fields of the active 
and the apparently picsi%-c parts of the picture. Events and experience also play 
their put in the altcreatinn between sight and creative thought. In this way, what 
has been pcmci%vd is concentrated into a drawing. (Wish 1976 pl O) 
Wirth clcxly identifies draining (observational drawing as well as drawing from 
memory) as an extension of an act im constructional capacity of the mind. but he 
extends this to discuss his interpretation of the role of sketching in the manipulation of 
information and its relationship to embryonic conccptuslisation. Wirth pcrrci es n 
consttucti%vc conccptual mechanism, intimately associated with freehand drawing: 
Shapes arise from shapes and one dc%clops from the other. The last -drawn lines 
give the idea for the following ones. The forms are partly very close to our 
conception and they become the criterion for the rest. We follow a vision. a 
hypothesis which changes because of u hat has already been produced. So we 
write and read simultaneously and follow a rule of the Same that becomes more 
and more complicated. (Wirth 1976 p10) 
The notion of freehand drawing or sketching assisting mental processes such as 
perception and the dc%clopment of ideas is not unique to Wirth. Bruce Archer refers to 
drawings as 'external eptrsentations of something in the "mind's eye" (Archer 1997 
p39) and he goes on to propose a threc-romezed relationship between reality, one's - 
comprehension of that reality (a cogniti%"c model) and one's external representation of 
that comprehension (in this case, a drawing). The operational mechanism of this three- 
comerrd relationship, particularly in relation to freehand drawing is explored in Chapter 
'darrt. 
Drawing research has been fed by other. more particular. studies into the physiology 
and functioning of the human brain. The cognitive science community has provided 
much illumination. Research findings havc facilitated an understanding of mechanisms 
which support cognitive modelling and this in turn has assisted the design research 
community to address the issues concerning nays in %%hich drawing supports creative 
and analytical processes. The semantic issues of definition embedded in an 
investigation of u is sketching have turned out to be less important than 
investigations of -%v sketching 
(as an activity) and sketches (as output) work - 
particularly in the light of recent research from the cognitive sciences. The follo%ing 
three chapters return to the perspectives u hieb were idcnti lied in 1.1. Chapter Two 
explores sketching as a component of drawing and r viewwws our current understanding 
of the significance of sketching activity and sketched output. 
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2.1 Sketching and the Mcclrnnisnm or the Mini 
Jonathan fish, in his PhD thesis entitled lIot SLctches {fork (l9%), statcs, in his 
dcfitition of tcnsu, that. 
Skctchcs am rrprtscntations used to assist in the visualisation and menial 
manipulation of some unfinished or imaginary object (andl 
Sketches ate drawings, colour studies or illustrations %%hich possess the attributcs 
of untidiness, incompletion and ambiguity (and) 
Sketches are rcpmscntauuns wed to assist the ctration and cxpcrnmental 
manipulation of an unfinished or imaginary object. (p25) 
In his definition all sketches am also drawings but only some drawings could be tamed 
'sketches'. Te terms 'drawing' and 'sketching' have for some authors been 
synonymous but f=ish parts away some of the conflation so as to examine the 
phenomenon of sketching in more detail. 
f=ish highlights a possible rclatuonship bctNw-ccn sketch imagery and a more primitive 
survival mechanism. He proposes that the indctermnacy or vagueness of sketches 
exploits a capability of the human brain to make sense of incomplete information. This 
mcntal capacity, he argues, is a cultural adaptation of a visual mechanism which would 
have allowed our ancient ancestors to make sense of and respond to confusing or 
incomplete stimuli from immediately present objects and csrnts. He goes on to 
propose that sketches are cultural inventions %% huch can mimic aspects of such stimuli in 
order to allow us (artists and designers) to exploit this mental capability for the different 
purpose of imagining objects a hach do not yet exist. Also. he links the physical marke 
making act to cognitive mechanisms of the mind and proposes that ambiguity may have 
a positive and deliberate function in some types of drawings - namely sketches. (Fish 
1996) 
An cxamination of any collected works of sketching, executed by competent and 
ptxtical hands. rc%rals the acti%ity as an active rather than passive one. tt is perhaps 
the most easily overlooked observation that sketches arc the results of a physical 
process - one may almost say 'performance'. Hill discusses this notion of performance 
in his detailed analysis of the execution of Chinese brush calligraphy. He proposes that 
the marks i taincd on a drawing surface arc symbolic of the act that produced them and 
he goes to Brat lengths to demonstrate their construction as a dynamic affair (Hill 1966 
p5). However, this dynamism involves concepts beyond those of technique. Whilst 
some sketches may reveal a slow and deliberate building up, or others a swift freely- 
executed approach, they all share the sane common factor that they were produced over 
a period of time. It is this dimension of time which supports, perhaps even provokes. 
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changes to objectives and intentions during the process of skctch (or drawing) 
cornnlJct, on. It is incv able, gi cn the feedback mcchanisms of the human mind. that 
one action should influence the next. W'Vtnh's identification of action and reaction. 'the 
lut drawn lines gibing the idea for tc following ones' (Wirth 1976 plO) highlights the 
dmlopmcntal nature of sketching. 
The cogn, tivc acts imvircd in the crcati%'c dc%vlopmcnt of ideas arc still poorly 
undcntood but there is evidence to suggest that the activity of sketching has an 
important role to play in the pro=ws of crcatisity. The relationship between sketching 
and seeing has already been discussed. It was pmposcd that sketching not only 
facilitates a rtcording or reporting of the maker's perception but that it was also 
intrinsically bound up %%ith qualitative concerns of the pc=ption itself. 1'liat is to say. 
sketching may be icwcd as having a direct relationship with both a quality of seeing 
and a process of 'selecting'. Bruce Archer noted recently that: 
All acts of dm%king. and cspccially all acts of sketch drawing, entail a great deal of 
selection of features for inclusion and features for omission, and of features for 
direct representation or features for transmutation. All of this is nchicvcd through 
rapid and sustained mental cycling between extcmal reality (or imagined reality), 
cogrtitivc model and external representation. (Archer 1997 }ß40) 
It is the capacity of sketching to act as both catalyst and facilitator for responding and 
selecting that the next sub4cction dwells upon. It does this with reference to published 
studies within. and outside of. the fields of Design and Art. 
2. ý Analogy and the Creative Process 
Rawson provides some illumination of the human mechanism of response. lie argues 
that the process of experience, from the most commonplace everyday coping with life 
to the remotest conceptual masoning. works through analogy. Rawson presents human 
consciousness as a 'continuous acuvity of scanning and matching' that which we have 
seen (Rawson 1979 p18). He argues that dunng our lives we acquire a huge fund of 
remember d forms: visual. tactile. auditory and so on. and with them our mind 
'matches' espcncnces as they occur. Rau-son's identification of an analogy process 
provides a useful bridging concept for understanding the role of sketching in creativity 
but there is little expansion on the role of sketching as a tool for conceptual 
development. The focus of Rawson's thesis is that the objective of such a scanning 
and matching process is the establishment of relationships between new pieces of 
knowledge and stored information in the mind The analogy process, he argues. 
allows us to recognise and identify phenomena by matching them dynamically with 
others that we remember and know. 1{owever. the advantages of deliberately 
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dci-cloping and exploiting an analogy strategy reside in the necessity forthe mind to 
make sense of information when no obvious match can be found. That is. forcing the 
mind to make creative leaps. Matches are never perfect and this should not be expected 
since the objective is to establish links which may move away from the obvious 
pairings which am anathema to cmativity. The creative mind needs to have the capacity 
to be free, to exploit analogy in order to present itself with new or unexpected 
relationships between phenomena. 
Rawson p=nts the analogy process as a means of ordering and understanding but 
creativity demands that one also encourages a simultaneous process which exploits 
deliberate ambiguity. Interestingly, the analogy process can be just as successful for 
the latter as the former. In sketching it need not be the holistic concept which evokes 
analogy. Elements of a sketch may be %icwcd out of context and these may give rise to 
new directions in thought. Even the smallest units of a sketch - the marks and lines 
u hich result from each graphic act - are capable of conveying more than they were 
intended to portray. Thus sketches can provide a rich medium for evoking analogy. 
Great works of drawing can assist interpretation and analysis. This may be because 
additional information is available in the form of knowledge of the artist or other works 
exists for comparison. The descriptive use of line by Leonardo DaVinci may, through 
analogy, suggest to us experiences derived from, for example. actual moving water and 
may even evoke recognition of similar lines used in other works of art. Similarly the 
caricatures of cartoonist Ralph Steadman evoke attitudes and feelings because of the 
analogies he makes accessible to our conscious and subconscious minds. However, it 
is through the workaday and commonplace sketches of those active in the creative 
professions that the scale of the exploitation of these qualities of drawing can be widely 
appreciated. 
The creative interpretation and manipulation of information is not an easy process to 
define. Betty Edwards uses the analogy of the treasure hunt in describing her search 
for an understanding of creativity, including the uncovering of incomplete pieces of 
information and apparently contradictory evidcnce. Her work may not be the most 
academically rigorous of research studies but her outline of the creative process is 
worth noting here: 
The creative individual, whose mind is stored with impressions, is caught up with 
an idea or a problem that defies solution despite prolonged study. A period of 
uneasiness or distress often ensues. Suddenly, without conscious volition, the 
mind is focused and a moment of insight occurs, often reported to be a 
profoundly moving experience. The individual is subsequently thrown into a 
period of concentrated thought (or work) during which the insight is fixed into 
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some tangible form. unfolding as it acm. into the form it was intended to possess 
from the moment of conception. (Edwards 1957 p3) 
This' rrhimedian and somcsshat romantic overview of the creative process 
considerably understates the role of crcati%-c problem definition but it does seem to offer 
some similarities with the notion of the mind actively seeking to construe sense by 
establishing relationships. At the time that Edwards published this the drawing 
research community was moving away from anecdotal evidence and one sees an 
attempt to align research work with emerging kno%%ledge from the sciences, particularly 
the fields of psychology and ncurophysiology. Even the title of Edwards' own best 
selling publication Drawing on the Right Side of the Brain (1982) highlights this 
alignment. The traffic flow in the opposite direction - that is, the interest by the science 
community in the creative process - had been well established by this time. in fact, by 
the early 196Os empirical research studies into creativity w ere well established and 
while the output varied in quality they certainly challenged widely held beliefs. 
American psychologist Jack Gctzcls grafted a problem-finding or problem-formulating 
phase onto the basic nineteenth century conception of the creative process as 
'saturation. incubation, illumination and verification'. in presenting his 'formulating' 
phase as occurring prior to the accepted stages. Getzcls provided a helpful insight into 
the creative process. He pointed out that creative behaviour does not consist of just 
solving problems of the kind which already exist or that continually arise in day to day 
life. Creative behaviour often involves a process of actively searching out and 
discovering problems that no one else has perceived. This point appears to be borne 
out by Albert Einstein and published in 1938: 
The formulation of a problem is often more essential than its solution, which may 
be merely a matter of mathematical or experimental skill. To raise new questions, 
new possibilities, to regard all questions from a new angle, requires creative 
imagination and makes real advances in science. (Einstein 1938, quoted in Judson 
19S0) 
There are many similar acknowledgements to the value of a question-asking strategy 
from a number of fields and yet there exists little research on the development of this 
capacity. If the incorporation of a question-asking strategy is so important to creative 
activity why is so little hard evidence available? One may add further questions such as 
'whit hindered the understanding of creative information processing within the brain' 
and, to return to the focus of this section, what might be the relationship of sketching to 
such creative manipulation? To explore these questions it is necessary to turn to a 
formative period in the field of psychology. 
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2.3 Towards an Understanding of cognitive Processing 
It was during the late 1950s and early 1960s that the psychologist Roger Spcrry first 
dc. scnbcd his research into the nature of information processing in the brain. I lis 
important theories proposed that there were distinct differences between the nature of 
information processing within the left and right hemispheres of the brain. Sperry 
proposed that %%hile both hemispheres arc involved in high-level cognitive functioning 
each brain half has its own characteristics and specialises in its own style of thinking. 
This dual-processing model proved very attractive to researchers in the subjects of 
creativity and design in the 1970s and drawing in the l9SOs. There has been much 
published work aiming to support this thesis of preferred processing modes of each 
hemisphere of the brain and there is strong evidence to suggest that there are important 
tendencies. However, the notion of dual-processing perhaps over-simplifies the 
situation. Edwards, in her popularist publications Drawing on the Artist Within and 
Dra ving on the Right Side of the Brain presents a polarised perception of a left 
hemisphere of the brain specialising in verbal, logical and analytical thinking via 
symbolic abstraction and a tight hemisphere specialising in non-verbal, non-linear and 
non-sequential thinking. This is, perhaps, understandable given her objective to 
promote development of certain capabilities which she identifies as suppressed in a left- 
brain dominated society but one must approach the notion with caution. What is clear 
is that some experimental subjects display a preference for assimilating and processing 
information in whole or complete blocks while others prefer to break information down 
into discrete units. Edwards argues that it is the former which has become 
impoverished in our WYestem culture and that we need to redevelop this latent cognitive 
skill. It would appear to have important implications for this PhD thesis because 
sketches, with their pictorial abstraction, may perhaps require a developed capacity with 
those processing modes referred to by Edwards and earlier researchers as right brain 
activities. If one observes the generation of sketches by skilled practitioners one gets a 
sense of the pattern-seekin¬, non-sequential thinking referred to by Edwards but woven 
into it arc strands of analytical and sequential thinking which manifest themselves in 
various ways. Perhaps the most revealing studies are those that explore the 
phenomenon of ambiguity in dual processing. Left mode thinking, it is proposed, 
rejects ambiguity and paradox whilst right-mode thinking embraces it. 
The notion of simultaneous processing emerged in the 1970s and offers a more 
plausible model of human cognitive functioning in which, if there are two distinct 
modes of thinking, then they operate in a closely interrelated manncr. Gcshwind 
re lects the mood of the research community of the time % hen he states: 
The specialisations of the isolated hemispheres should not be overstated. The 
tight half of the brain does have some rudimentary linguistic ability. Moreover. 
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therc are doubtless miny tasks what the two hemisplicn: s ordinarily uct in 
conccrt. (Gcshwind 1979) 
Ncvcnhcless, there would appear to be an imbalance in use of these modes, perhaps 
reflecting the cultural preference for the dc%vlopmcnt of high"lci cl thinking skills 
primarily through the exploitation of natural language and mathematical notation. With 
such a cultural dependence on symbolic abstraction, linear progression and logical 
thought, it is understandable that the opacity of `visual' processing may be deemed to 
be less important or relevant to contemporary society. 
Chaptcrs Thrcc and Four examine the phcnomcnon of design and designing but there is 
merit in first bringing together the strands of drawing. sketching and cognition rescarch 
and placing them Mthin the context of 'design thinking' and 'visual thinking'. 
2.4 Visual Thinking 
In his analysis of the process. Michael Tovcy (1954) proposes that 'design thinking'. 
an ill defined but recurring theme of the time, and simultaneous processing share many 
similarities since they both operate with interactive cognitive styles. He goes on to link 
the contemporary understanding of cognitive processing with what he terms 'visual 
thinking'. He defines this as a tight-brain phenomenon of synthetic-holistic 
functioning and cites McKim (1950) in support of the value of 'thinking visually' in 
problem solving activity. He presents analyses of research studies undertaken with 
transport design students in higher education where visual thinking skills atze held to be 
more relevant than analytical. codifying techniques characteristic of left mode thought. 
Importantly. he notes how readily the student subjects refer to sketching to augment 
their thinking. This may not be surprising if. as one might suspect, they were present 
in that design institution as a direct result of their proven abilities with drawing and 
visual thinking. 
The concept of visual thinking is not new. Bruce Archer had identified a capacity for 
'imaging' in the early 1960s and had highlighted the neglect of its development in 
education. "McKim had developed this by discussing how r isual thinking is greatly 
facilitated by procedures such as sketching in a three way interaction of seeing. 
imagining and drawing. 
The nature of visual thinking, and perhaps more importantly that of sketching, within 
such a cognitive processing theory is still the subject of speculation. It is generally 
accepted that cognitive processing involves such a complex integration of function and 
location that definitions referring simply to right hemisphere and left hemisphere 
activity are outdated. Tovey (1956) sums up the uncertainty regarding human cerebral 
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asymmetry with mfcrcnce to numerous contemporary journals of scicncc. Importantly 
he notes that aspects of %isuo-spatial thinking - particularly mental image crcation - 
should not be %ic%vcd as exclusivcly right hemisphere activity. tic concludes: 
«'hat seems likely is that in visual thinking the two halves of the brain may 
approach similar tasks but employ different processing modes: the right 
employing a simultaneous-synthetic strategy and the left a serial-analytic strategy. 
Thus a more complete understanding arises fmm the hatching of initially separate 
simultaneous mental operations. (Tovcy 19SG) 
Tovcy's conclusion begins to m cal a contcmporary sympathy for the widespread 
advantages of developing and employing a visual thinking capacity. Whilst it has value 
in everyday situations it is essential to design activity. 
it may be possible to discern a certain maturity to the drawing research community by 
the mid 19SOs. Academics such as Tovey had drawing research published in leading 
journals such as Dcsi; n Studies. Also, many universities were establishing new and 
innovative research groups comprising members from both the arts and science 
communities. One reason for this was the opportunities afforded for research in the 
rapidly expanding area of human computer interaction. Technological advances and 
user preferences offered opportunities for such interaction to increasingly utilise graphic 
imagery. Drawing research received a tremendous shot in the arm as a result of the 
commercial opportunities to improve the productivity of people interacting with and via 
computers. However, v hile a myriad of sophisticated graphics packages were 
developed - some providing photo-realistic images of three dimensional objects and 
others offering a seamless interface %%ith engineering and manufacture - the support of 
humble sketching activity, exploited in numerous professions, was neglected. The 
knowledge of exactly how sketching worked was not available to the commercial 
players. Even less was known about the functioning of drawing and sketching in the 
dynamic activity of design «hick aas itself experiencing rapid change. The final part 
of Chapter Two concerns recent research into how sketching works. Nearly all the 
sources quoted in this sub-section published their findings Afta the two projects 
presented in this document. However, this disruption to the chronological order of the 
research is intended to allow the reader to perceive the significance of the author's own 
work and to appreciate its context and contribution to knowledge. 
2.5 Recent Research Into How Sketching Works 
The beginning of this Chapter referred to Jonathan Fish who recently proposed that 
deliberate indeterminacy or vagueness in sketches brings into play a basic capability of 
the human brain to make sense of incomplete information. This mechanism, Fish 
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proposed. has its toots in a survival mechanism for making sense of incomplete 
information in potentially threatening situations. Isis thesis goes on to propose that any 
system of drawing which inhibits the incorporation of indeterminacy may be 
detrimental to certain types of creative activity such as design. Clearly there is a 
relationship here with earlier notions of the positive qualities of ambiguity, but risk 
goes further by attempting a comprehensive analysis of the wider phenomenon of 
indeterminacy, of which ambiguity is only part It is the nature of the relationship 
between indeterminacy and design thinking which is of interest here. 
In a paper by Fish and Scrivener (1990). a broad distinction between information types 
is identified. On the one hand exists descriptive and propositional information - often 
characterised as a symbolic or v-crbally-focused system. and on the other exists 
dcpictirc information which attempts to directly represent aspects of a given 
phenomenon. While their definitions for each arc necessarily broad (since they have to 
encompass various applications and various levels of abstraction) the authors propose 
that sketches have the important function of assisting the mind to translate descriptive 
propositional information into depiction. This depictivc information, it is proposed, is 
then available for other cognitive processes of interpretation which may lead to new and 
perhaps original descriptive information. Furthermore it is proposed that dcpictivc 
processing may have a significant inter-relationship with propositional processing thus 
lending support to the identification of an integrated processing capacity of the mind. 
This work was developed by Fish during subsequent years with a focus on cognitive 
processing and the mechanism of an exploitation of the proposed indctcrminacies of 
freehand sketching in creative activity such as design. Fish builds upon certain 'types' 
of indeterminacy and proposes that these t}-pes of indeterminacy, currently seen in the 
creative professions. extend back at least as far as the Renaissance. He proposes, via 
an analysis of research drawn largely from the cognitive science community, that 
sketches function for the following five reasons: 
i. Skctches am intermediate represcntational types which facilitate the mental 
translation between descriptive and depictice modes of representing visual 
thought. 
ii. Sketch attributes exploit automatic processes of perceptual retrieval and object 
recognition to improve the availability of tacit knowledge for visual invention. 
iii. Sketches are percept-image hybrids. (that is. they owe something to the 
drawer, the viewer and the thing being depicted). The incomplete physical 
attributes of sketches elicit and stabilise a stream of super-imposed mental images 
which amplify inventive thought. 
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iv. By segregating and isolating meaningful components of visual experience. 
sketches may assist the user to attend selectively to a limited pan of a visual task, 
freeing otherwise overloaded cognitive resources for visual thought. 
V. Sequences of sketches and sketching acts support the short term cpisodic 
memory for cognitive actions. This assists crrativity, providing voluntary control 
over highly practised mental pmcesscs which can otherwise become stereotyped. 
(fish 1996) 
It remains to be sccn whether the findings deriving from studies involving the particular 
requirements of industrial design. with its need to address functional and technical 
matters inherent in products for our culture of mass production and mass consumption. 
have any obvious parallels with the observations of Fish who was concerned with an 
inquiry into sketching within the fields of painting and drawing as much as the design 
of artefacts. 
Vinod Gocl has also been concerned with the value of indeterminacy in sketching for 
designers. In Sketches of Thought (1995) he echoes recent authors such as Fish and 
Scrivener in promoting important functions fordra%%ing beyond mete externalisation of 
developed concepts. He involves himself in the dcpictivc-descriptive debate, offering a 
symbol system as a common denominator in a continuum between depictive (picture- 
like) and descriptive (languagc"like) representations. Sketching is presented as 
significant in the 'problcm"sol%ing' phase of design for its ability to support translation 
and transformational processes. As noted earlier, some researchers may dispute the 
existence of any such `phase' of problem-solving but there is growing evidence to 
support the notion that sketching can assist cognitive processes concerning problem 
formulation and the related organisation and transformation of information. Gocl 
summarises his experimental predictions for how sketches support problem-solving . 
thus. 
i. The dense ordering of symbols in the system of sketching pro%ides a degree of 
fine-grainedness by nuking every distinction count as a different symbol. This 
reduction in distance between symbols helps insure that possibilities are not 
excluded and helps to transform one symbol into another. 
ii. Ambiguity of the symbol system of sketching insures that the contents of 
symbols during the early phases of design are indeterminate. Ambiguity is 
important because one does not want to crystallise ideas too early and freeze 
design development. 
iii. The dcnsc ordcring of itfcrcncc or contcnt classcs in the symbol system of 
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sketching insures that possibilities arc not excluded and helps to transform one 
idea into another. 
(Gocl 1995 p193) 
Gocl has adopted an experimental approach to his research %hich is directed by 
hypotheses concerning the functions of sketching within design activity. This contrasts 
with f=ish's philosophical analysis of the experimental and philosophical studies of 
other tucarchers. Interestingly. Gocl exploits computer based design activity in his 
experiments (albeit with indhiduals and with relatively basic software) which 
potentially increases its relevance to the aims of this thesis. Both r-ish and Gael 
critical of the limitations imposed by computer based working. Sketching using 
traditional media such as pens and pencils on paper is presented as rich in evidence of 
two types of transformation of information - lateral transformations involving 
progression from one idea to a different, but related, idea: and vertical transformation 
where progression involves drawings %%hich are a more detailed version of a previous 
drawing. Limitations to our understanding of drawing and particularly sketching have 
given rise to computer systems which fix and stifle that cognitive capacity they intend to 
support. Gocl is able to present quotes from his resc=h subjects to highlight this 
situation: it (MacDraw) is very frustrating ... unless you have an idea of what you 
want before you even sit down" (in God 1995 p201). Currently the general 
impression discerned from the drawing research community would appear to be that 
traditional techniques of sketching arge superior to computer based resources for design 
sketching because they arc better at supporting complex cognitive processes concerned 
with imagining future objects. Clearly there arc relative advantages and disadvantages 
to both traditional and computer based media such as portability, convenience, 
transferability, storage etc but it would seem that computer based sketching has some 
way to go yet before it provides the qualities that arc required by users. 
Sketching via traditional media has been recognised as a sophisticated tool for accessing 
stored information. Fish refers to the role of sketching in `recognition mechanisms' 
which provide a meins for an individual to access their unconscious visual memory. 
If, as cognitive science now suggests. certain types of information exists in the brain in 
non-verbal forms then access to and manipulation of this information is likely to require 
a mechanism which can operate across a cognitive spectrum. Furthermore, sketching 
appears to be very suitable for exploiting indeterminacy via, for example, visual 
ambiguity. Sketching supports open-ended. creative and generative strategies which 
can be used to multiply ideas. It also supports strategies concerning translation 
between. for example, descriptive and depictive visual information. This capacity has 
been appreciated by those involved in visually creative subjects, notably the arts, since 
the time of Leonardo DaVinci and more recently by those responsible for a wide range 
of design activities. It seems likely that strategies of information analysis and creative 
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generation operate symbiotically within design, and sketching would appear to be a 
very appropriate support tool. Sensory infomiat, on. for example from the eyes, and 
rttricvcd information from memory arc integrated via sketching so as to construct 
images rrptzscntativ-c of future conditions. 
Recent resc=h has funhcr illuminated the importance of drawing within designing. 
Ventijncn (1997), for example. has conducted experimental studies %khich seem to 
reveal a greater importance of sketching in analytical procedures of design (three 
dimensional design tasks and visual organisation tasks) when compared to synthetical 
procedures in the same design tasks. Given that design activity as represented by the 
design professions possibly has a closer integration of these two procedures (explored 
in Chapter Three) than Vczstijncn has a11o%%cd, the important feature emerging here is 
the role of sketching in a combined analytic-synthetic strategy. Indeed, the more 
holistic or integrated models of sketch functioning may be the only ones to accurately 
represent design activity. Fish even goes so far as to suggest a mcta"functioning via his 
fifth hypothesis which proposes that sketches, and the act of sketching, supports 
visually the users' conscious awareness of their own thought processes. 
These perceptions of drawing have important implications for research strategies. It is 
not at all clear that closely controlled, laboratory studies such as those by Gocl or 
Vcrstijncn arte any more appropriate for determining knowledge about the phenomenon 
of drawing than observational studies or. for that matter, philosophical monographs 
such as that by Fish. It is clear that drawing research relics upon knowledge from other 
fields in the sciences and the arts and its methodology may need to be deliberately broad 
as the drawing research community seeks to establish some form of maturity. The 
issue of appropriate methodology is returned to in Chapter Five which examines 
different possible approaches. 
The next chapter explores the second of the three perspectives. the location of drawing 
and sketching within a wider language of modelling in design activity. It discusses 
%%hy drawing and sketching might be particularly useful for the types of activity 
required of designers. 
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3.1 The Emergence of the importance or 5oiution Conjecture 
in Design 'Methodology 
In response to a growing interest in studies cf design methodology during the 1950s a 
number of papers emerged " largely as a result of conferences by a small but active 
design research community. Particularly worthy of note was a growing recognition of 
the need for a formalisation in the field of design research and an acknowledgement that 
methods and procedures of design activity could valuably be analysed. Characteristic 
of the period is the fragmentation of research activity leading to localised and isolated 
theories pertaining to particular professions such as architecture and mechanical 
engineering. At the same time there does appear to have been a certain marginalising of 
research activity relating to those professions which lay towards the art and craft end of 
the design spectrum. Up until the early 19SOs the existence of the binary divide in 
Higher Education had a clear influence with engineering and architecture existing 
largely in the university sector with its culture of academic research while art and design 
subjects were mostly located in non-university institutions whose research culture and 
procedures inspired different outputs - more often associated with professional practice. 
Industrial design was an anomaly. While it clearly shared some aspects of a 
technological and methodological knowledge-base with engineering it was taught, 
almost exclusively, alongside art and design subjects in the Polytechnic sector. 
In 1954 Nigel Cross published an edited selection of papers which allowed the design 
research community to reflect on the developments it had experienced over the past two 
decades. Titled Detiylopmenu in Design , lfethodology it n>prescnted influential articles 
of the 1960s. 1970s and early 19SOs charting the state of knowledge regarding the 
methods and procedures of design activity. In what has been termed 'first generation' 
thought. researchers such as Archer and Jones proposed that the design process 
comprised of logical analysis and creative thinking (Archer 1963). Such a belief gained 
widespread acceptance, particularly as it appeared to correspond with the emerging 
theories of cognitive processing discussed in Chapter Two. However, a certain 
scepticism in the research community of the time is evident. Many of these researchers 
were practising designers and they failed to see the reported divisions in their own 
cognitive process. In particular, they rejected the notion of design as simply an explicit 
and objective process of problem definition followed by a creative phase. First 
generation thought appeared to subsequent researchers as a relegation of complex 
design skills to either systematic finding-out or an impenetrable and intuitive process of 
concocting solutions. Studies undertaken into the nature of real-life design problems, 
notably by Rittel and Webber (1973) but also by many others. encouraged alternative 
theories regarding design methods. 
Significantly. Roozrnburg and Cross (199 1) in their reflection of this early period 
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identify a 'consensus' model within the engineering design process which, they 
propose. displayed a certain desire for unity within established fields whilst excluding 
those fields - notably industrial design - whose methods did not fit the paradigm. 
As applied to engineering design. the consensus model of the design process outlines a 
sequence of 'activities' which in turn lead to intermediate rcsult. s such as specifications 
or proposals. The activities are grouped into four phases: 
* clarification of the task 
conccptual design 
* embodiment design 
" detail design 
Such a model is based on the systems cnginccring approach to the dc%-clopmcnt of large 
or complex technological and socio-economic systems. As such it seeks to define 
functional behaviour as physical principles govcmcd by physical laws. Essentially it is 
a problem-focused strategy aimed at specifying and predicting behaviour and. 
thcorctically. it operates in a linear manner. Hoawever. a breadth has been identified by 
Roozenburg and Cross with reference to a twin axis graphical model originally 
proposed in the 1960s: 
The vertical dimension corresponds to the origination phases in the lifecycle of a 
product (such as, feasibility study, preliminary design, detailed design. planning 
for production, planning for distribution. planning for retirement). The horizontal 
dimension is the problem-solving process that takes place in every phase of the 
vertical structure: analysing and defining problems. synthesising solutions, 
simulating/predicting performance and evaluating and choosing the best system. 
(Roozenburg & Cross 1991) 
It is not at all certain to'hat extent the actual procedures of the engineering professions 
are represented by this generalised engineering model but it would appear that there has 
been a clear operational emphasis on the vertical dimension in the development of 
products. Furthermore, the model assumes that relevant strategies can and will be 
brought to bear at each phase of activ=ity by participants. Perhaps, more importantly. it 
condones the misguided perception that each phase has its own particular strategy " that 
to mix techniques or to apply strategies out of 'accepted' contexts would be detrimental 
to the outcome. 
Two more characteristics of the engineering model should be mentioned. Firstly, it is 
assumed that design should proceed from the general and abstract to the particular and 
concrete in order to keep the solution space as large as possible. Secondly, complex 
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problems should be split into subproblems from which sub-solutions arc to be found 
and synthcsiscd into overall solutions for the design problem. The model is not 
without mcnt but it has limitations. particularly where the nature of the problem is ill" 
defined and does not lend itself to systematic analysis. It is for this reason that 
architects and industrial designers have pursued research into alternative models. 
Understandably. they are founded on the same research studies of the 1950s and 60s 
and exhibit similarities in terminology and philosophy with those defined by the 
engineering communities. The work of Jones has been influential hcrc. but within a 
much smaller community. 
A growing dissatisfaction with the assumptions of the engineering model by 
researchers in the 1970s (in architecture particularly) led to alternative models. lane 
Duke's seminal paper The Primary Generator and the Design Process (Danke 1979) 
and Brian Lawson's book flow Designers Think (Lawson, 1954) both offer 
sophisticated analyses and a sensitivity towards a more integrated model of design. 
What stands out. however. is the acknowledged importance of solution-led procedures 
in design activity. Both authors base their findings on close observation of individuals. 
Architecture, engineering and town planning are represented. T'hey reveal a strategy 
which involves the development of 'solution conjecture' as a means of further 
comprehending the natur: of the problem. Whilst the strategy appears to share both the 
logical analysis and creative thinking of first generation understanding. it is the 
articulation of the nature of a process of solution conjecture that has relevance for this 
thesis. Hillier et ell (1984) questions the orthodox view (at the time) that designers 
should resist bringing their own preconceptions to bear on the problem. Instead they 
argue that: 'WVe cannot escape from the fact that designers must, and do, prestructure 
their problems in order to solve them'. importantly. Hillier. along with other 
researchers of the time, identify a naivety in the prevailing analysis-synthesis model. 
Contemporary studies in the field of architecture identify limitations to a model of 
designing whereby exhaustive problem analysis must precede solution synthesis. It 
was proposed by some that this model was the antithesis of real architectural practice 
where experience and the ability to predict were more important. Investigations such as 
these shifted the balance of design research but a polarisation of views, rather than a 
new consensus. resulted. 
The division has many roots; an increasingly fragmented design community with each 
faction =king to stamp its own mark- on a shared methodology; an increasing volume 
of design research by a new community of academics and practitioners drawn from the 
applied ans joined the established forum of researchers from architecture and 
engineering-related fields: perhaps also the growing popularity of philosophers such as 
Karl Popper with a liberal and participatory model of theory construction. Central to 
this division arc views concerning the perceived function and importance of conjecture. 
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In I lillier's model of design .2 designer progresses %ia an iterative process of solution 
conjecture. analysis and c%aluation. This model failed to attract support from 
communities such as engineering %%-here. traditionally. problems were closely defined 
and specified. ilowc%cr. in architecture and in subjects such as industrial design an 
emphasis on human and other less tangible factorsof the problem field as weil as the 
apparent re-establishment of faith in the experience of the designer resulted in 
significant support for the conjccture. analysis model of design. Whether one agrees 
with the significance of conjecture or not it is clear that the activities of design 
professions such as industrial design and architectur : requite procedures and tools to 
support the creaU%v and analytical activities described by hillier. narks and Lawson. 
The next sub-section presents and explores modelling as a necessary and appropriate 
procedure for some of these branches of design. 
3.2 'Modelling as the 'Language' of Design 
In his examination of the crcativc strategies of a variety of scientists and technologists, 
Horace Judson refers to Man's desire to make 'models' as an 'instinctual and profound 
human response to comprehending the world' (Judson 19S0 p114). His definition of 
the term 'model' would appear to encompass many types of output. fie suggests that 
modelmaking is undertaken by various people and professions and at all ages. 
Children make models of the physical world they know a hcther this be with building 
blocks. sand or manufactumd toys. They also model the social world around them, as 
they perceive it, through dolls and role play. At the other end of the age scale intricate 
models of such things as sailing ships and locomotives, constructed by those in 
retirement, can amaze onlookers with their detail and accuracy. The interesting paradox 
in both cases, as observed by Judson. is that both groups undertake their modelling 
with seriousness and with a sense of fun. Scientists, technologists and designers 
exhibit this same paradox in that modelling can be undertaken with a formal and 
deliberate seriousness and yet they will often refer to their modelling as 'playing' with 
an idea. 
Definition of modelling arc difficult to pin down because of the varicty of 
manifestations of models and the functions to which modelling activity can be applied. 
The Open University established a useful foundation in this area through the courses 
T262 and 'r-63 on Design and Innovation (Walker 19S3). More recently modelling has 
bccn discussed by Ken Baynes: 
The term 'model" is used by scientists, mathematicians. technologists and 
designers to mean something which stands for something else. In general, 
models are powerful because they isolate an aspect of reality and allow us to 
represent. interpret, manipulate or control it. Models have predictive power 
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bccausc. to use computing language. they can be 'run' to simulate chat will 
happen if proposed changes arc camcd out. They arc indispensable for design 
activity because they allow designers to do-clop their designs and understand 
their likely effect before they arc put into practice. (Baynes 1992 p13) 
Baynes goes on to identify thrrc categories of two dimensional and three dimensional 
models which he terms Iconic (looking like a selected aspect of existing or proposed 
mality): Symbolic (models using an abstract code to stand for an aspect of existing or 
proposed reality such as mathematical models) and Analogue (models using diagrams 
that stand in for, but do not look like, an aspect of existing or proposed reality such as 
critical path analyses). 
Modelling has an important dual role in problcm-centred and solution-ccntrrd 
strategies. For the scientist, certain modelling strategies assist in the citation of the 
theory hile other modelling strategies allow it to be tested. Similarly in design there is 
a Hood to employ creative and evaluative modelling strategies that both illuminate the 
'problem' and assist the generation of an appropnate'resolution'. In order to develop 
this line of thought it is necessary to identify an important misconception about the 
nature- of designing which was explored recently in a publication by Garner and Evans 
(1997 p114). 
3.2.1 Solving and Resolving Design Problems 
Some early publications in the field refer to designing as a'problem-solving' activity 
(see for example Green 1974). This may be viewed as an inaccurate term because very 
rarely can a definitive answer to a design problem be provided. Design problems do 
not lend themselves to being 'solved'. Designing is a process of compromise involving 
conflicting factors and the best a designer or design team can hope for is to 'resolve' the 
conflict using the optimal mix of the conflicting factors. For example, many products 
could be safer if the consumer were % killing to pay more for the necessary research or 
development; lower unit costs may be achieved if manufacturers did not stipulate that 
existing machinery should be used; new technology may improve a product if only a 
competitor would provide it! All the factors are to a greater or lesser extent in a state of 
flux and they are resolved via a process of negotiation and optimisation. This is where 
modelling is so vital to the product design process. Modelling is a means of working 
with conflicting requirements. It can be used to bring certain desired features to the 
fore so as to examine. evaluate-and communicate a particular 'mix' but, equally 
importantly. modelling is, in part. the deliberate and planned strategy by which ideas 
can be juxtaposed and manipulated. Relationships can be posed, as Dance has 
suggested. as conjecture for possible resolutions and, more excitingly, unexpected but 
potentially positive relationships can be engineered in a deliberately unfocused strategy. 
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Modelling is the vital tool for a'sshat if strategy " as in 'what if I bring these two or 
more features together- and is vital to innovation, Even sf a design brief could be 
solved it is unlikely to be solved at the first attempt. It is more likely that modelling 
would assist this process. 
3.2.2 An Integrated Strategy for the Generation and Interpretation of 
Ideas 
tlrucc Archcrdcv-clopcd the notion of modelling to includc! cognitivc modelling'. He 
pro%idcs a useful definition and clarification of tctminology: 
The expression 'cognitis-c modelling' is intended to reefer to the basic process by 
%hich the human mind construes sense experience to build a cohcrtnt conception 
of cxtcrnal reality and constructs further conceptions of memory and imagination. 
The expmssion'imaging' is intended to refer to that part of cognitis'e modelling 
which construes sense data and constructs repmscntations spatially and 
pmscntationally. rather than discursi%cly and sequentially. (Archer 1992a pG) 
It may be rcicv-ant to consider a radical proposal that the dc%clopmcnt of cognitive 
modelling skills is the primary aim of design education - all other modelling strategics 
being taught so as to inform and develop the capacity to model in the mind - insofar as 
designing cannot occur %%ithout the ability for cognitive modelling. 
Modelling has a vital role in the creation. development and evaluation of ideas for 
individuals and for groups. The ambiguity inherent in some modelling types can 
entourage various perreptions of information and this assists creative development. 
While the process of inurprrlurion may be based on a primitive human survival 
mechanism as suggested by Fish the construction and deliberate exploitation of models 
displays a much higher order of intelligence in the generation of ideas. A strategy of 
deliberate ambiguity in informauon can be effective on a personal basis - allowing an 
individual to ctploit the cognitive capacity for creative interpretation - and it can assist 
¬roupwort by encouraging discussion of differing interpretations and the quality of the 
model. 
Physical models. including sketches. do not necessarily communicate the hoped for, 
intended or required information. Furthermore, many of the failurcs of teamwork may, 
perhaps. be attributed to the absence of shared conceptions. One of the issues for 
design education must be to develop the capability to apply. understand and collaborate 
using relevant models and modelling techniques so as to bring about a joint 
understanding «hich appear to be an important requirement for successful tcamworf ing 
in design. Section 5 returns to the issue of shared models. 
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3.3 Towards an Appropriate Means of Modelling Design 
Conjectures 
Mithin industrial design an iconic model can refer to many things including a sketch or 
a computer based rrndcring (both two dimensional models) and a test rig, simulation or 
breadboard electronic circuit (three dimensional models). i lowever, the term is often 
mistakenly limited to three dimensional representations of form. This is perhaps 
understandable since we see so many models of this type. Scale models such as an 
architects proposal for a new housing scheme or a childs model car surr common and 
are helpful models since ac may walk around, enjoy. examine. test and generally 
evaluate certain qualities - particularly visual qualities. Many design schemes will not 
get the go ahead until full-site models have been seen and agreed - the Channel Tunnel 
train of the early 1990s being a good case in point. however, modelling takes many 
forms and in reality distinctions between types of physical models may not be to easy 
to make. Various professions, including the design professions, exploit models which 
may be seen to exhibit qualities of two or more of the types identified by Baynes above. 
Such hybrid models are constructed as a result of particular requirements of a defined 
task. There are also intimate relationships between non-physical. cognitive models, as 
discussed by Archer, and other, tangible models. 
Modelling is a means of fomalising our understanding. thereby facilitating 
examination, evaluation and communication. Each type of modelling entails a 
simplification of information - indeed the value of many models lies in their selectivity 
and reduction of information. Ncvcrtheless, such a process of simplification gives rise 
to limitations which are important to ac owledge. Using models which emulate reality 
only in certain respects must have limitations in. for example. examining phenomena, 
evaluating proposals or communicating concepts. The very ambiguity of a model may 
be both an advantage and a disadvantage. Hence designing, in many different subject 
areas. requires a fanülianty with various modelling techniques for the communication, 
cvaluation, and generation of ideas. 
It was noted above that by the late 1970s there was significant criticism of the notion 
that all types of design activity must begin with an exhaustive problem specification 
from which solution concepts can be synthesised. Jane Darre and her notion of a 
'primary generator' (Dance 1979) -a concept %%hich is imposed or identified in order to 
guide progression - struck a chord with the design community of the time (including 
some engineers) and particularly in architecture from which her subjects were drawn. 
Darke's model may be summed up as a generator-conjecture-analysis model in which 
proto-solutions or pre-structures were accepted and encouraged so as to provide 
tangible output for evaluation and stimulation. Thus, the notion of modelling, which 
up until then had been viewed by the dominant engineering professions as a limited 
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dc%icc for communication and tcsting, attained a central position - particularly in 
rcscarch undcr akcn in the fields of ai Ntccturc and industrial design. Modelling 
of fcsrd the means by which proto"solutwns %, cm generated, developed and evaluated. 
While any modelling type may facilitate conjecture. some models are more appropriate 
than others in particular situations. Modelling facilitates conjecture by providing a 
loose tangibility to new and imperfectly fonncd thoughts in order that they can be 
cxtcmaliscd for examination. This can be achieved with a variety of media. 
Cardboard, plasticinc and. more recently. rigid cellular foam facilitate not just the 
externalisation of possible solutions but encourage the contemplation of the nature of 
the problem. Hov cs-cr, the role of drawing and sketching in this has, until recently, 
been largely overlooked. Drawing can be used to communicate developed ideas and to 
assist the cognitive proccsscs of interpretative and generative thought. Norman 
McNally, one of the research subjects presented later in Section 3 noted some years ago 
that 
Drawing is a very economical way of modelling. it is the fastest and best way of 
having a quick idea -a visualisation - of what is in your head and thus leads 
naturally into solid modelling. (AS7) 
The discussion regarding the appropriateness or otherwise of sketching as an important 
modelling tool for the support of conjecture is informed by recent research into the 
human creative process and particularly by the phenomenon of 'emergence'. The 
following sub-section rcvicws established knowledge regarding the mechanism of 
innovation. It picks up the subject mauer of Chapter Two via an examination of new 
msearch from the cognitive sciences which illuminates the functions which drawing 
performs in design activity. Importantly. it highlights a relationship between the 
exploitation of drawing and the achievement of innovation. 
3.4 Drawing, Sketching, Innovation and Emergence 
3.4.1 The Mechanism of Innovation 
While our technological society appears to value the human capability to innovate there 
is little consensus regarding the nature of the phenomenon or its results. Similarly with 
the phenomenon of crcativitr. many %%ill argue its importance but research over many 
decades has failed to provide a readily acceptable definition. both appear to be elusive 
and subject to the context in which they arc brought into being. The Concise Oxford 
Dictionary (COD) refers to 'making changes' and 'novelties' in its definition of the verb 
'innovate', both of which could be interpreted as devaluing the quality of the 
phenomenon. The COD offers more scope in its definition of 'creativity', referring to 
'invcnuvc and imaginative activities' as well as 'routine skill'. Earlier research into 
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creativity by behavioural psychologists in the late 1950s and 60s, focused. pcthaps 
understandably. on personality traits of creative individuals. Utt1c was established 
regarding the operational issues of crcauvity or the mechanism of creative thought. 
In order for innovation to talc place there arc practical conditions which must prevail, 
for example. the relevant technology or underlying knowledge must exist (see the 
comparison with the term invention below). Given these. Judson (1980) points to 
curiosity and an inner compulsion as motivating forces in scientific discovery and this 
may have parallels in the operation of innovation: 
You must feel in yourself an exploratory impulsion - an acute discomfort at 
incompmhcnsion. This is the rage to know. The other side of the fun of science, 
as of an, is pain. A problem worth soling will surely require weeks and months 
of lack of process, whipsawn between hope and the blackest sense of despair. 
(Judson 1980 p5) 
', \1ciklc (1980) proposes that this capacity has an cvcn deeper foundation - one bid on 
suniv-J1: 
The ability to think around a subject or idea and to create new ones has enabled 
humans to find new ways of surviving and developing'. 
This notion is still applicable in our technologically advanced society. Research into the 
mechanisms of the mind is well represented in the literature but while logical, rational 
and analytical processes receive some consensus, the mechanism of innovative thought 
is more elusive. The role of prior knowledge and experience would appear to be 
important to the ability to step outside of methodical procedures. The work of Edward 
de Bono is well respected and he refers to a transformational process whereby new 
insight is derived from old information through a process of restructuring in, what he 
temu. a 'flash of insight' (Dcbono 1969 plfl). Whilst experience maybe valuable 
there is a necessity to remain flexible so that preconceptions and old ideas can be 
questioned and new information, arrangements and opportunities can be identified. It 
is this informed flexibility that is central to innovation and which requires a developed 
modelling capability to operate. 
The classical model of the mechanism of discovvry suggests that a period of incubation 
is required during «hick time information is subconsciously transformed and awaits 
some form of trigger for realisation. William Lipscomb, Nobel Prize winner for 
Physical Chemistry, provides a typical case. He describes immersing himself in a 
problem Wore going to bed, consciously putting the problem out of his mind and 
allowing the subconscious to seek apparently random connections (in Judson 1980 p6). 
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This classical process of saturation and incubation does not ncccssanly hold true for 
contemporary innovators. James Dyson, the designer of the 11allbarrow and. more 
rcccntly. the astoundingly successful Orlonc vacuum cleaner prefers a hands-on 
approach. facilitating, crratsv-c thought during practical, making activities. This is not a 
major stumbling block. If one views modelling as an 'enabling' device, then the 
diffcmnccs bctuccn science and design or between classical and contemporary merely 
reflect different preferences for. and appropriateness of. various modelling strategies. 
Modelling facilitates 'feedback' essential to a system of innovation which is founded on 
actions and their practical consequences. 
In 19S6 a collection of short papers was published by the Open University for the 
course T362 Design and Innovauion . Edited by Robin Roy and David Wield, this 
course reader offers a variety of perspectives on innovation, invention and design. In 
this, Kelly et al refer to technological innovation as a 'milestone' in the process leading 
from invention (the first idea, sketch or model for a new or improved device, product, 
process or system) to diffiuion (of the resultant product, process or system through a 
population of potential users) (Kelly cl a! 1956 p26). There appears to be a consensus 
that innovation refers to the application - particularly the commercial cxploitation. of a 
new process or product. Invention, on the other hand, is the process of discovering the 
principle which may lead to exploitation (sec Pyc 1986 p48). This is reinforced by a 
definition of innovation offered by the Organisation for Economic Co-operation and 
Development (OECD): 
Technological innovation is the transformation of an idca into a new or improved 
saleable product or opcrational process in industry or commerce. (OECD 198 1) 
Innovation. then. may be distinguished from invention and marketing but it is widely 
held to refer to a wide tage of activities including reserh, design, development, 
market research, testing, manufacturing, and engineering. There would also appear to 
be qualitative differences. Roy views invention and Innotation as involving technical 
advances in the state-of-the-art of a particular field whereas design is viewed as a 
process of making variations on that state-of-the-art. (Roy 19S6 p5) 
It seems clear that in innovation, creativity and even discovery, preparation plays an 
important role. A certain 'readiness' appears to be a prerequisite for ideas to be 
conceived or even anticipated. Some would argue that 'chance' has been as important 
to innovation as it has been in scientific discovery but preparation is still -vital with 
chance merely 'favouring the prepared mind'. In recent research by Akin (1990) the 
ease for anticipation and the integration of conception and development in design 
innovation is presented. He argues that 'the creative process is a whole in which the 
conception of the idea influences, and is influenced by, the anticipated development'. 
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Interestingly. he goes on to speculate that 'the cognitive tools used in the do-clopmcnt 
of the creative entity are also resronsiblc for the inspinui m that initiates the creative 
prwcss' ('skin 1 plOS). One of these cogniuw tools would seem to be the ability 
to tdcntify. comprehend. order and arrange concepts in an act of pmparation. James 
Dyson. the dcssgncr of the 'C}-clone' vacuum cleaner obrer ed. 
The more hau gct involved and study something in depth the most crcativc ideas 
arise. You can't errate marketable innovations as an amateur. (in any 1993 
p130) 
Experience would appcar to be a key factor in preparation. Gi%-cn the poor gcncral 
awarcncss. low inquisitiveness and limited teaching of the mechanisms of the mind 
ýjXrieniial lc. itt mat fýýht c only v. ýv mast taco +l can dcý clý ruhe tools-and 
ýS: il os ion. Design research could do much more to minimise designers 
dependence on such experiential learning by illuminating strategics for identifying. 
comprehending. ordering and arranging concepts. In particular. design research could 
better illuminate the mechanism by «hich conjecture, manifested via sketching. 
facilitates the type of creativity necessary for industrial design. 
3.4.2 Emergence and the Role of Sketching 
In the 1990s the phenomenon of 'emergence' has interested a number of mscarchcrs in 
the field of design and pamcularly computer based designing. Emergence concerns 
both visual rcprescntations and the process of their interpretation. Research into 
emergence is thus involved with tangible outputs (such as models in the form of 
graphic images) and it also concerns our understanding of the perceptual mechanism of 
the human mind - %%hat Tapia has concisely described as 'object and viewer' (Tapia 
1997). Some researchers such as Gero and Van (1994) have been concerned with 
shape emergence and the development of appropriate representations. Others have 
focused on physiological mechanisms such as vision (see Uu 1994). While research 
into the phenomenon of emergence is relatively new it has a %%-cll established foundation 
and many researchers base their studies on widely accepted theories of perception such 
as those established by the Gestalt psychologists many decades ago. 
Soufi & Edmonds have explored the relationship tactuwccn emergence and creativity in 
design and they propose that: 
Emergent shapes in design are not only the result of perception constructing a 
model of the world but also a consequence of transforming the world. This view 
of emergence is necessary if we are to account for certain emergent shapes that do 
not exist in the model of the world as represented by the original stimulus pattern. 
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Since this vicw of cmcrgncc has commonabtics with accounts ofc=tivity based 
on tmnsfonnation of conceptual spaces. it supports the assertion that emergence 
is creative. (Soufi .i Edmonds 19% p153) 
If. as Sours & Edmonds propose. the intctaction bctarcn data (such :U drawings and 
sketches arising during design activity) and a perceptual mechanism has a 
transformational effect then the quality of the creativity must depend upon the quality of 
the pcrccptual mechanism and the quality of the data. If this is true then emergence as a 
phenomenon must be central to design education which seeks to develop. amongst 
other things. a creative perceptual mechanism and an ability to exploit appropriate data 
for gi%cn problcros. 
It may be that some types of drawings and sketches arc just not suitable as data for a 
process of emergence to take ply - no matter how good the perceptual mechanisms are 
of the individual or team undertaking the design activity. It would seem that drawings 
which contain ambiguity - such as those represented by design sketches - seem to offer 
the most appropriate form of graphic data for emergence to be brought into being. 
Other types of drawings. such as those following closely defined symbolic 
conventions. may be of lesser benefit to the cognitive manipulations necessary in a 
pro=s of emcrgencc. 
The development of computer based designing may be seen to have given rise to certain 
forms of beguiling but rather rigid image types and this in turn has caused researchers 
such as Soufi & Edmonds to observe that `current computer aided design (CAD) 
systems do not provide sufficient support to the early conceptual stages of design' 
(Soufi & Edmonds 1996 p151). Them certainly seems to be a mismatch between 
current CAD systems and the support of emergence w hich is required at numerous 
stages in the industrial design process. It may be significant that where emergence is 
most (but not cAclusively) needed in computer based design activity - that is, in the 
early stages of conceptual design - individuals and teams appear to still resort to paper 
based sketching. This is one issue which links the two projects described in this thesis 
and is returned to in the final chapter. 
Rieman. working in the field of computer aided sketching. confirms the widely held 
belief within the resc=h community that the computing equivalent to the 'back of the 
envelope' type sketches lack important levels of incompleteness and ambiguity. He 
identifies two differing editing paradigms as partly responsible for this: 'Object 
oriented draw programs allowing complete objects to be moved. t im and otherwise 
altered without affecting other objects' and 'pixel oriented paint programs allowing 
individual pixels to be erased after they have been drawn' (Rieman 1997). His own 
alternative, which he has called 'J-Sketch' is presented as helpful in facilitating 
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emergence. Whilst it is apparently easy to use. it has rctaincd - as many similar tools 
ha%c -a mouse as input device and thus should be vicwcd as some considerable 
distance for the traditional sketching it seeks to emulate. While other cunvnt computer 
based sketching systems %hich do incorporate a 'rcn, exploiting either a pressure 
sensitive tablet or a frccstanding whitcboatd to digitise the input. may appear to be an 
impru%-cmcnt there is little research which documents the rclativc success of computer 
based sketching systems for supporting emergence. Rcscarch into, for example, the 
intrusivcncss of computer based tools and cnw-ironmcnts still needs to be undertaken 
and an approptistc cvnluativc mechanism still has to be generated. 
Sketching would appear to offer a %-cry appropciatc type of modelling resource for use 
in a strategy seeking to facilitate emergence but it is not the only modelling type one 
could use. Three dimensional sketch models can contain a level of ambiguity and may 
be very appropriate for facilitating emergent thought. Similarly CAD models need not 
offer the rigidity of proposal seen in many contemporary applications. A combination 
of two dimensional and three dimensional models might be more appropriate in some 
design disciplines such as industrial design. Most of the current research into 
cmergcncc focuses on basic graphic imagery so as to inform the computer research 
community. Much new work nerds to be undertaken into the functioning of, and 
relationship between, various model types if the design community (particularly the 
industrial product design community) is to develop and apply the findings so as support 
future working practices. 
Drawing practice does not exist in a vacuum. As discussed in Chapter One the 
exploitation of sketching is influenced by culture and environment as well as by our 
knowledge of physiological and perceptual mechanisms. The next Chapter examines 
the significant developments experienced by the design professions - and particularly 
the industrial product design profession " as a means of highlighting the logic of the 
research direction presented in this thesis. 
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4.1 Introduction 
This Chapter aims to highlight the cmcrgcncc of a phenomenon which has been termed 
by the author 'computer supponcd design teamworking' (CSDT). It is shown to be the 
consequence of the maturing and integration of two existing phenomena, namely the 
dramatic inacasc in the exploitation of computer aided design (CAD) and the pressures 
(commercial and otherwise) on design practice to operate clf'icicntly in a wide variety of 
collaborative situations. Chapter Cour first examines the reasons why computer based 
working. and CAD particularly, gained such a significant foothold in the design 
professions when the technology was soll unproven and relatively unsophisticated. 
Secondly it highlights the reasons underpinning the trend towards teamworking in 
various design professions but focusing on industrial design. It is proposed that 
research into computer supported design tcamworking has emerged in centres around 
the world as a result of the inadequacies exhibited by current attempts to integrate these 
two phenomena. Computer aided industrial design (CAID). a logical extension of 
CAD. is shown to offer important improvements for the support of design activities but 
its interface with the requirements and procedures of teamuorking is still undcvclopcd. 
Rcscarch into teamwork and Icamworking has bccn undertaken in a number of fields. 
This has been taken up %rigorously by the computer science community and a subject 
known as computer supported collaborative (or co-opcrati%c) working (CSCW) 
emerged in the mid 1960s. In spite of the fact that design teams offer a very good 
umtrat for rescarrh into CSCW there arge few significant studies. One such study (the 
ROCOCO project), %hich involred the author. is described in Section 3. There arc 
c%-cn fewer examples of quality research which confront the issue of integrating CAID 
and CSC%V in an appropriate computer based design environment. Chapter Four 
returns to the theme of Chapter One by reviewing current thinking on sketching as a 
modelling device within CAR) and CSCWV. It proposes that sketching might have a 
significant role in a CSDT en%-ironment and thus it sets the scene for the subsequent 
presentations of the two research projects of this thesis. 
4.: The Rise of Computer Aided Industrial Design 
The design professions have never been slow to recognisc the significance of 
sociological change nor the potential of technological developments. The industrial 
&sign profession is relatively young whether one views it as a consequence of the 
1920s marketing campaigns of the USA or an emergent phenomenon deeply rooted in 
the ideological melting pot %%hich was Europe in the early twentieth century. In both 
instances innovation, challenge and foresight were hallmarks of the early industrial 
design profession. It should not be surprising to find therefore, that when computers 
became commercially available in the 19S0s the industrial design profession should take 
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a closc and intcrrs, tcd look. 
By the early 19SOs. desktop publishing was radically altering the graphic design and 
publishing professions. Computerisation was %cll suited to the two dimensional nature 
of such professions but industrial designers required considerably more. The need for 
three dimensionality throughout the design and development process required that new 
computer based tools were supplemented with traditional modelling techniques. The 
computing power to record and manipulate data relating to three dimensions just did not 
exist on a commcreial scale. Physical models (both scale and full-size) continued to be 
constructed in industrial design practice. It is interesting to note that one of the focused 
intcr%ie w-s presented in Section 3 (Royden , ice) highlights this particular period of 
integration of computer aided design (CAD) into what was then Austin Rower (now 
Rower Group). Axe. then Design bimctor of this major British motor manufacturer. 
refers to the construction of full-size three dimensional models of new car proposals 
from which digitised data was taken for input into computer systems. This coexistence 
and intention of traditional craft skills and new computer aided design practices 
characterises industrial design practice of the major players in the 19SWs. The reasons 
for it partly concern the need to facilitate design conjecture %ia an appropriate support of 
cognitive processes which required three dimensional aids to assist three dimensional 
thinking. 
Early computer based tools offered little more than sophisticated drafting capabilities. 
While the resulting files could be stored, mtrievvd. distributed and amended the 
majority of the design and development was conducted away from the computer 
terminal. The significance of the cmcrgcncc of three dimensional CAD (3D CAD) in 
the late 19SOs has been discussed by McCullagh (1996). Whilst highlighting the 
practical difficulties for industrial designers arising from complex interfaces intended 
for larger engineering"t}ype applications. McCullagh presents the new 3D CAD tools as 
an exciting and innovative departure from the reliance on traditional media and 
practices. 3D CAD offered the potential of interactivity that even traditional models 
could not offer. Surface modelling programs replaced wircframc systems - the former 
allowing the construction of complex curvature and facilitating high quality rendering. 
'These 'acre subsequently supplanted by solid modelling systems which offered a large 
number of significant advantages for organisations %%ho were willing and able to make 
the considerable investment in hardware. software and personnel. 
Solid modelling systems presented a major development towards a digitally integrated 
design process. The next subsection discusses the economic pressures on commercial 
organisations at this time. Computer aided industrial design (LAID), initially via such 
3D CAD systems. seemed to be compatible with the changes which commercial 
pressures demanded. Sophisticated new product development required considerable 
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involvement by many individuals. CAID. via 31) CAD offered a means by which 
cnginccnng. production. management and marketing could access, extract and modify 
data. It faciiitatcd. for example. finite clement analysis. tolerance and interference 
checking. assessment of mould flow characteristics as well a judgment of overall 
form. colourways and finish. Ti was. thcrefotc, a significant facilitator of simultaneous 
cnginccring. 
For the industrial design community such CAID packages also appeared to challenge 
the accepted practices of conceptual design. Freehand sketching was no longer the only 
rapid means to support early exploratory thought. Packages such as Alias offered 
industrial designers the ability to sketch 3D forms quickly and effectively. Not only 
could these be developed to a photo-tral, stic stage very quickly (for self assessment and 
for transfer to others via the new telecommunications technology), they could also 
provide the foundation for alternative strategies leading to engineering development. 
lloucver, not every one was convinced by the potential of CAID to unseat its rivals in 
traditional modelling techniques. Sketching particularly was the focus of many articles 
in the late 1980s which sought to articulate and defend the unique qualities or freehand 
drawing for many designers. 
As discussed by Warburton (1996), the vision of a fully digital and integrated design 
process was apparent by the the early 1990s. Indeed, as industrial design consultancies 
have come under increasing pressure in the 1990s to deliver data which is compatible 
eich clients' engineering and manufacturing facilities then investment by consultancies 
in not just one but several CAID systems seems inevitable. Furthermore, as new 
product development becomes more integrated. then industrial designers will need to be 
more familiar with the various processes involved - from material specification to rapid 
pnxot}ping technology. It seems likely that one phenomenon which will increase 
above all others is communication -communication within and betaccn design teams; 
communication with others involved in the development. testing or marketing process; 
communication with information sources for current and future projects and 
communication with clients, business colleagues and perhaps the public. The 
integration of CAID with the capacity for effective communication has only recently 
begun. «'teile file sharing, electronic mail and even teleconferencing has been possible 
for some time the various CHID and communicational tools can hardly be said to be 
`seamless'. Unfortunately, in todays highly competitive marketplace, manufacturers of 
such systems have a vested interest in non-compatibility even where it is possible. The 
exploitation of CHID, then, is partly the result of ongoing technological development - 
it is partly a 'technology-push' phenomenon: it is also partly a phenomenon of its 
economic culture, that is, it is partly demand led. It is this latter aspect which the next 
sub-section explores in more detail. 
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4.3 Tcamworking in the Design Professions 
The pscssures on modern business have been %%cll d(xumented. Throughout the l9SOs 
and the 1990s almost any conference or journal in the field of business studies or 
industrial management sill make reference to changes %%hich have taken place and are 
taking place as a result of these pressures. The Design Council in the UK is one of 
many organisations publishing data on this changing climate for business (spec. for 
example. Lawrence 1996). The intensity of global competition. the constant and 
accclcr2ting developments in technology. new and emerging legislation. and the 
growing flood of information (not least via the Internet) arc regarded as components of 
a normal operating cnvironmcnt (or industry. Such pressures have had significant 
consequences for the operation of a wide range of industries. Companies have had to 
be more skilful with resour cs including the management of pcopic. More industries 
have had to engage in product improvement. development and innovation when 
confronted by home and o%trscas competition and an increasingly knowledgeable 
market. This has required the exploitation of teams of people, not just in design, but 
also via marketing teams. production teams, service trams ctc and it has made inter- 
tcamworking an important management objective. 
Modern product development tcquires the implcmcntation of tcamworking for a number 
of reasons. It is tare these days to find a case of an individual designer developing and 
marketing a new mass manufactured product. The range of expertise concerning 
materials selection. ergonomics, production and marketing is usually way beyond the 
competence of one individual. De eclopment costs are prohibitively high and, even 
where funding can be secured, it would be a foolish individual vsho did not exploit the 
expertise of others to ensure that the product does not fail in the marketplace. 
Additionally. user safety legislation usually demand sophisticated testing and 
evaluation. In an earlier research project by the author, a leading consultant designer 
stated that clients demand to sec experts (in this case crgonomssts) brought into product 
development because of the validity they arge perceived to add to proposals (Gamer 
19SS p65). 
Teamwork. then, has become a subject of great commercial interest in recent years. 
For the reasons stated above, there is a high demand for efficient teamwork and during 
the 1990s the emergence of a research interest in teamwork and designing is 
observable. In recent trsearch at the University of Salford. Rachel Cooper and James 
Powell set out to examine how companies use design teams. In their paper Enabling 
Cretanuy to Flourish in Design (Cooper & Powell 1997) given at the European 
Academy of Design Conference in Stockholm, they discuss the exploitation of. and 
problems with, inter-disciplinary teams. They identify two types of inter-disciplinarnty: 
intra-organisational teams which are multi functional and comprise members from 
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within an organisation and biter-orcanisa: i nal teams which inrols-c panncrahips 
bct%tccn organisations. f iowevcr. them is some belief that the organisation and 
management of such tcamworking hu not been as cffectivc as It could have been. 
Slinrcman &t cifcr (1993) argue that rescarch into designing via teams must 
acknowledge the social as well as the technical nature of modem design practice. They 
adopt a largely observational strategy in studies of teams of engineering designers and 
propose that design work 'emerges from interactions among individuals and groups as 
they establish. maintain and dc%clop a shared understanding' (Mtinncman : Leifer 
1993). It is the mechanism of. and tools for. achieving a shared understanding in 
design team working which is of interest herz. 
Recent research at the Open Uni%rrsity suggests a consolidation of intcrrst in the social 
mechanism of design teamworking. Cross S: Clay-burn Cross (1995) propose six 
aspects which nerd to be considered 
the roles and mlationships within the team 
' the planning of the design process by the team and their actions rclati%"c to that plan 
" the gathering and sharing of information 
' the ways of analysing and understanding the design problem 
" the ways of developing and adopting design concepts 
'ý the mechanism of tcsolution and avoidance of conflicts 
Focussing on design as a social activity results in a general orncntation toward the 
communications in and around the design work. It was for this reason that the 
ROCOCO project described in Section 4 took great care to examine the nature of 
communication in an example of computer supported design teamwork. The research 
described by Cross & Clayburn Cross took place as pan of the experimental studies of 
design practice initiated by Delft University in the Nethcriands and known as the Delft 
Protocol Workshops. The Cross & Cta) burn Cross studies involved three team 
members uhcreas the ROCOCO project used pairs of subjects for research into team 
designing. 
It might be considered that the commercial advantages to team working were 
sufficiently significant to inspire its exploitation and to drive vigorous new initiatives in 
design nwarch. But one vital factor has so far been omitted and this must be 
considered as the primary generator for research into design teamworking. This is the 
rapidly developing potential for computers to support teams of individual specialists 
mho may be located some considerable distance apart The commercial significance is 
immediately apparent - if companies and organisations can facilitate co-operation and 
collaboration without face-to-face meetings there may be significant savings in costs 
and resources and it may have implications for improvements in the quality of output, 
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%%hcthcr this be management decisions or new product development. As intr duced 
above. the 19S0s saw the emergence of computer supported cooperative working 
(CSCWV) and this is examined in detail presently. It has been a largely technology 
dm-cn phenomenon and research studies havc lagged behind the dcvclopmcnt and 
marketing of new computcr"bascd tools. Never has tcuanch into teamworking been 
mom dcspcratcly nccdcd so that new tools can address the real needs of the user 
groups. Research into CSCW emerged in the early 1USOs largely associated with the 
computer studies dcpanmcnu of mayor universities in the LISA. The application of 
CSCWV to design is less acll established but more research is emerging during the 
1990s. Particularly lacking is research into the requirements of CSCW environments 
which arc intended to support the social and technical nature of group design. Almost 
non existent is research into how CSCW cnvironmcnts may support innovation and 
how they might encourage the `shared und rstanding' within teams as described by 
Minncman & Leifer (1993). 
4.4 The Roots or Computer Supported Design Trumworking 
As in all young research domains the terminology used to identify particular aspects or 
activities develops and changes as the subject matures. Rejection and clarification 
eharactcnsc the search for natives and for precise definitions. The term computer 
mediated communication (CMC) is a mlativ-cly new one emerging, as it does, from 
older studies into computer supported co. opcrativc work (CSCW). According to 
Wilson (1990). Irene Greif (then at Massachusetts Institute of Technology) and Paul 
Cashman (of Digital Equipment Corporation) were the first to use the term Computer 
Supported Co-operative Work as the title for a workshop they organised in 1986. 
Apparently. they did not wish to give special emphasis to any of the individual worts 
of the term Rather, they were looking for a shorthand way of referring to a set of 
concerns about supporting multiple individuals working together via computer systems. 
The l9SOs witnessed dramauc technological changes which provided the essential 
footholds for the emergence of CSCW. The uidesprtad availability of low cost 
personal computers brought computing to the masses and an erosion of perceived 
barriers between home and office work is evident. Owning a computer and being 
computer literate were, and to some extent retrain, high status achievements in our 
culture. In the home, office. factory and shop, computing power was in the hands of 
the non-specialist computer user. Having established a widespread market confidence 
there emerged a move towards linking or "networi ing* computers thereby allowing 
users access to a variety of services. Initially these were local networks limited to 
particular buildings or commercial enterprises. Developments in speed and capacity of 
such networks, primarily the introduction of Integrated Services Digital Networks 
(ISDN) and other telecommunication facilities have made access to remote infonmation 
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scrviccs practical. tmprovcd computing power. more appropriate human interfaces. 
and the dcvclopmcnt of multi media tcchnology have had a huge cffc5ct on the 
acccptancc of communicating with. and through. computers. The 19S0s saw the 
establishment of the 'infonnation t, gc'. The commercial and social pressures for all 
types of information created an insatiable demand for imrro%°cd tools of interaction and 
communication. It was from this hothouse of technological innovation and market 
demand that CSCW emcr cd. 
Thc central concerns of CSCW were neu new. They were drawn from the body of 
knowledge which emerged from earlier studies of group Interaction and tcamworking. 
What was new was the notion that computer technology could facilitate such group 
working by individuals uho may be located considerable distances apart. Furthermore, 
emerging computer based sscr%ices could be integrated into gmupwork as never before 
offering possibilities for sophisticated commercial and leisure activities. Regarding this 
formative period Wilson obscnrs: 
It immediatcly became clear that the range of computer support that might be 
prosided to work groups of all sizes was very great; and that, in view of the fact 
that organisations, by their scry nature, rely on people working and co-operating 
together. CSC%%"s potential benefit could be huge. (Wilson 1990 p5) 
IIowt%tr. the title did not suit all reseatnccrs. Some pointed out that any research 
involving 'co-operative' werk would find itself tied up in the issues of identifying. 
establishing. maintaining or proving co-operation between participants. It was argued 
that 'collaboration' was a superior term since it was easier to demonstrate collaboration 
than co-operation. Thus for many research groups (including the ROCOCO project) 
CSCWW' came to stand for computer supported collaborative working. 
The term Groupw"are' appears in the early literrtutc associated with CSCW and is 
darned by Johansen as: 
a generic term for specialised computer aids that are designed for the use of 
collaborative work groups. Typically, these groups are small project-orientated 
teams that have important tasks and deadlines. Groupwarc can involve software, 
hardware. services, andlor group process support. (Johansen 1988 pS) 
In this definition the emphasis is on the design of computer aids, that is, on the 
enabling technology. Wilson suggests that: 
CSCW is understood to be a generic term which combines the understanding of 
the way people work in groups with the enabling technologies of computer 
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networking and asso atcd hsniwarr. sotwarr. scr"iccs and tcchniqucs. 
(Wilson 1990 p5) 
This definition emphasises the need to understand Stoup work, but is neutral about its 
specific character. Bannon and Schmidt (1989) place more emphasis on the idea of 
understanding co-opcrativc work when they assert that, 'CSCW should be concci%"cd 
as an cndea<<our to understand the nature and characteristics of co. opcrativc work with 
the objective of designing adequate computer-based technologies'. CSCW systems 
seem to conform better with Wilson's definition. since co-operation is usually assumed 
to be a properly of the group bchasiour the system is intended to support To some 
extent this is a reflection of our lack of understanding of the naturg p coopcutilc 
t sLiour, and how to dctcct and measure it. Hioww, cscr, some find the emphasis on co- 
operation too limiting. believing that cffecctrw-c group work often in lres competition--- 
and ceriflict. Computer Supported Group Work might actually be a better title for 
Wilson's definition, and indeed a better term for describing the systems currently 
labcllcd CSCWW'. H1oww ev-cr, notwithstanding the lack of an agreed definition, a key 
characteristic of CSCWV system research and dc%-clopmcnt is the emphasis on 
understanding group work. 
As noted above. CSCWV is not subject specific. lt is a generic term which might as 
easily apply to groups of teachers, sales representatives or oil company executives. It 
neither implies the type of people involved nor the type of work undertaken. It is thus 
too broad a term for use in this thesis. «fit is of interest here is a very particular 
context for CSCWV, that is, the support (via computing and telecommunications 
technology) of collaborative a°orking by groups of people engaged in design and 
design-related activities. As discussed above this context presents a formidable 
requirement to support creative. evaluative and communicational strategies of its 
participants not to mention the requirements for access to information beyond the 
immediate arena. If it is not unique in CSCW then computer support of product design 
trams must be very rare in the potential extent of its demands. Thus the term 'computer 
supported design tcamworking' (CSDT) is preferred to CSCW since it more accurately 
describes the context of research described in Section 4 of this thesis. \Vhile Section 4 
presents the ROCOCO project as clearly located in CSCW research the subsequent 
revisiting of the data via the Analysis of Graphic Acts (AGAR) project (and on which 
most of the analysis is founded) is viewed as research into CSDT. The central 
concerns are the procedures and findings of a research project into sketching within 
CSDT. Section 3 presents very little analysis of computer supported working. Many 
of the focused interviews took place before networked computers had gained such a 
strong foothold in the profession and thus CSCW and CSDT were still only just 
emerging. However, the transcripts have much to offer an analysis of 'design 
teamu°orking' and in their own way provide an important contribution to the 
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conclusions regarding computcr suppottcd design tcamaarking and its rclationship 
with drawing and sketching. 
While studies of the functions and value of drawing predate research into computer 
based designing by many hundreds of years the phenomenal grosth of the latter has 
provided a significant stimulus to drawing research in recent decades. As has already 
been shown drawing research has embraced new knowledge emerging from very 
diverse fields such as psychology. ncurophy-siology and education. Current 
knowledge about drawing has emerged fmm s'. idcly differing resc=h procedures and 
this has given rise to a certain methodological flexibility within the drawing research 
community. That is not to say that all methods arc equally valid. The next Section 
exploits drawing resc=h methodology and contrasts the merits of different strategies. 
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Section 1 Summary 
Scction One has discussed a number of `pcrspccti%-es' which ha%c been influential 
during the establishment and conduct of the two research pmjccts pt sentcd in this 
thesis. To a large extent. they act to influence the pcrccpuons and the relevance of the 
outcomes and findings. 
Drawing rzscarrh has bccn presented as a young and ill-defined phenomenon emerging 
from a mcarrh community %hich is itself a new and disparate one. Sketching, it has 
been proposed. is part of a wider human capability for 'modelling' involving creative. 
developmental. communicative and evaluative strategies. Studies of sketching activity 
have increased recently. partly due to the impetus provided by the emergence of 
computer based designing and partly due to new mseareh undertaken in institutions of 
an and design education. 
Computer systems which support teams of remotcly located specialists have been 
successfully marketed in recent years. These have taken advantage of improvements in 
communications technology and offend hardwarýc and software at prices which have 
made them accessible to many. The phrase 'computer supported collaborative 
working' (CSCWW') was coined to describe this phenomenon which was a consequence 
of growing commercial pressures for improved tcaamworläng and information sharing. 
Industrial design is experiencing these pressures but the tools for a particular type of 
CSCW. which has been termed by the author 'computer supported design 
teamwarking' (CSDT) are poorly developed " largely because our understanding of the 
phenomenon is incomplete. The appropnatc support of sketching in such CSDT 
environments has received little research attention. 
There is a need to understand. i) how sketches and sketching assists individual and 
coU3borsti%-c design acti%ity and ii) how sketching operates within computer supported 
design tcamwork ng. Section 2 focuses on methods which might be used to achieve 
this understanding. 
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5.1 Introduction 
The methods for rescarching any given phenomenon are likely to ha%-c an important 
influence on the nature of the findings. ihrs chapter explores the strategies and 
methods employed in some of the more influential studies of drawing, in recent years 
and discusses the reasons undcrpinnmg the methodological decisions of this 
programmc. Tuo issues are central and which guide this chapter. One concerns the 
relative appropriateness of research methods for assisting with the setting out of a 
research agenda at the beginning of a drawing research programme such as the one 
descnbcd here. A mscarch approach aimed at illumination was deemed to be most 
tclc%-ant and the use of a focused intcr iew technique in this is discussed below. The 
second issue concerns the relative appmpnatcncss of methods for research into 
computer based sketching and, more particularly. research into the use of sketching 
within computer supported design tcama-orkang (CSDT). The debate of this second 
issue highlights important procedural di%isions within the research community. 
5.2 Strategies in Research Into Computer based Sketching 
There has been debate in trccnt )-cars of the relative value of strategies and methods for 
research into the use of frcchand drawing within computer supported collaborative 
working (CSCW) and this is helpful in determining appropriate methods for studies of 
sketching within the sub-field of CSDT. Partly this debate is informed by recent but 
small scale studies of sketching by researchers located in art and design fields but there 
are other. wider influences. This debate has also been influenced by the collective 
output of 'design re. sear h' which is itself a relatively new research domain. Thirdly 
the debate has been influenced by resc h conducted within a broader research 
community conccmcd with human-computer interaction (t C! ) including computer 
based communication. Perhaps, most broadly of all, the debate has been influenced by 
prevailing research paradigms of the cognitive sciences and the social sciences. 
Cross (1992) discusses neseuth methods ü hich ha c been used in recent decades to 
illuminate an understanding of chat he terms 'design thinking'. His summary of 
methods is helpful in considering relevant methods for drawing research. He 
summ nses the exploitation of several methods thus: 
Interviews with designers 
These have usually been with designers ' ho are acknowledged as having wcll- 
developed design ability, and have usually been unstructured interviews which 
sought to obtain these designers' reflections on the pr csscs and procedures they 
use - either in general, or with reference to particular works of design. 
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Obscn-ations and case studies 
These havc usually been focused on one particular design project at a time, with 
obscr%-crs rtcdnling the progress and development of the project either 
contemporaneously or post-hoc. Both participant and non participant observation 
methods have been included. and both real and a utificially. constnictcd design 
pmjccts have been studied. 
Protocol studies 
This more formal method has usually been applied to artificial projects. because of 
the stringent trquimmcnts of recording the protocols - the "thinking-aloud" and 
associated actions of subjects asked to perform a set design task. Bath 
inexperienced (usually student) designers and experienced designers have been 
studied in this way. 
Controlled tests 
By these i mean the kinds of tests conducted under controlled, laboratory 
conditions, in which subjects arc required to perform a specialised task. and data on 
their performance is recorded and analysed. The models for these kinds of tests are 
the controlled, laboratory studies of psychology research. 'There are relatively few 
controlled tests in design ivse h. 
Reflection and thcorising 
As well as the empirical research methods listed abo%v, there has been a modest 
history in design research of theoretical analysis and reflection upon the nature of 
design thinking. 
(Cross 1992) 
In the conclusion to the collection of papers on design rescarth arising from a 
workshop held at Delft University (from which the above summary of design methods 
is extracted) Cross highlights the lack of a shared methodology within the design 
research community plus a continued absence of key definitions such as those relating 
to design quality or success. Given this situation it would seem that the identification 
of methods for design research must proceed with caution and expect criticism. This 
may be partly due to a broad division, within the wider research community, between 
those researchers who follow a classical cognitive science strategy and choose to 
conduct studies in closely controlled conditions, and those whose sympathies lie with 
research paradigms of the social sciences and who argue that such studies are too 
intrusive to yield valuable information. HCI researchers in the latter category propose 
that naturalistic contexts and observational research, rather than closely controlled 
laboratory studies, are more likely to yield information of relevance. The division is 
not a minor one and is explored in greater detail in sub-section 5.3. 
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Given that the design research community is a varied one with little evidence of a 
shared methodology it is not surprising that drawing research appears catholic in its 
procedures. Wood (1994) identifies a broad range of strategics for investigating the 
functionality of graphic activity " and not merely that taking place via pictorial sketches 
within the context of design. lie rcfcrs to studies of writers and their construction of 
graphic 'idea-sketches' and he reports that great value is placed an the output as 
evidence of the cognitive activity taking place. The media itself is held to be influential 
in the processing of information. Methodologically, observation and interpretation are 
often supported by questionnaire responses provided by research participants. 
Some studies of computer based drawing have frequently used video technology to 
record the activity taking place and the resultant output. Some studies have 
supplemented this with an ability to digitally capture the sketches u hick appear on the 
monitor(s) for later analysis. The use of 'self-repor s' has provided a helpful means by 
which subjects can provide meaning and explanation to their activities which assists the 
interpretation necessary with such drawn output (see, for example, Tunnicliff & 
Scris-cncr 1991). Goldschmidt refers to this (as Cross does) as a "thinking aloud" 
process and she places great value on the transcripts of such verbal output for 
illuminating the functions and values of sketching within computer supported 
collaborative working (Goldschmidt 1991). In fact she places more emphasis on these 
transcripts than on the drawing output which she sees as potentially idiosyncratic and 
often incomprehensible without explanation by their maker. Earlier studies by 131y 
(19SS) and Tang & Leifer (1958) acknowledge the potentially intrusive nature of 
studies of CSCW which take place within the confines of research laboratories but they 
propose no methodological alternatives. Their investigation of drawing surface 
activities (such as drawing, pointing and gesturing) are particularly helpful since they 
use computer supported design teamworking as a context. 
Some icsearchcrs in this area see the need to involve large numbers of studies. For 
cumple. Ballay (19S7) compares the activity and output of fifty industrial designers 
who have been asked to undertake a simple dra%%ing task with both traditional media 
and in a computer mediated setting. Ullman (1990) has used protocol analysis in long- 
term studies of drawing within mechanical engineering as did Goldschmidt in the field 
of architecture. 
Views on the appropriateness of research methods seem to be directly related to the 
research paradigm within which certain individuals or groups operate. important 
knowledge regarding the functioning of sketching within design activity has been 
generated by research projects which may be seen to operate under very different 
paradigms. Some authors support only a naturalistic or ethnographic (from the 
comparative scientific study of human peoples in their natural environment) approach. 
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Under this paradigm. studies of drawing exploit. for example, collected examples of 
'oral' sketch actihity. often sca%vngcd from waste paper bins. and these may be 
supplemented by interviews or questionnaires %hich take place at the end of the process 
being investigated. Other rsearchers. operating within an alternative paradigm. 
support the use of Iaboratory studies for direct observations of design activity, and 
particularly drawing activity. under strictly controlled conditions. Support of this 
technique frequently highlights the inability of the ethnographic strategy to construct 
valid inferences about anything other than the particular case or cases under 
obrer aeon. Of course. extrapolation to the 'rural world' is similarly difficult with 
closely controlled studies where drawing and designing may take place in the isolation 
of a research laboratory. The 'two cultures' debate seems to be deeply embedded in 
dring rasc=h and is explorcd in mors detail below. 
5.3 Two Cultures of Research 
Twentieth century philosophical inquiry has sought to question the nature of scientific 
`truth% According to McNeill the natural sciences have been guilty of assuming that: 
... thc natural world has an independent existence of its own, which is as it is 
regardless of those who are stud)ing it, and which is governed by laws which 
can be discovered by the resch scientist if only the tight methods can be 
developed. (McNeill 1985 p41) 
Carl Hempcl (1966). in his book The Philosophy of Natural Science, divides scientific 
inquiry into two major groups, the empirical and the non-empirical sciences. The 
empirical sciences, by which Hcmpcl is referring to the social as well as the natural 
sciences. arc further subdivided. They are concerned with systematic observation, 
interviews, surreys. psychological or clinical testing and many types of examination. 
He identifies the dependence on empirical evidence as the distinguishing characteristic 
of the empirical sciences and contrasts it % ith the non-empirical disciplines of logic and 
purr mathematics whose propositions are proved without essential reference to 
empirically available phenomena. 
Expcrnmcntation is primarily a logical testing method requiring the formulation of 
hypotheses from observation or theories. Various authors have charted the exploitation 
of experimentation and shown its uses in a number of contexts. Parlctt and Hamilton 
(1977) refer to its function in an evaluative methodology for educational development; 
Kidder (1981) examines the suitability of experimentation in a number of social 
research situations and Hempel. referred to above, uses a selection of medical studies to 
demonstrate the functioning of the methodology. In each of these cases the authors 
refer to the logic of the method as 'hypothetico-deductive'. Hempel's studies, using 
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the hypothctico-dcductivc method. quite openly reveal a wcakncxs of such a strategy 
and show why the social sciences particularly have proposed alternative research 
methods. In testing the validity of hypotheses, assumptions must be made regarding 
the vasiabics which pertain with any gi%-cn phenomenon. These may be subdivided into 
those that arc pcrrcivcd to be controlled by the experimenter. tcmed the 'independent 
variables' and those that vary as a result of the actions. termed the 'dependent 
variables'. An investigative strategy based on these assumptions begs two questions: 
a) is it possible to identify and hold so-called independent variables steady? 
b) if the identification of such variables is based on the values and assumptions of 
the scientist, who is to say that these values arc true or correct for all times? 
Thomas Kuhn raised the notion that natural scientific knowledge does not exist 
independently and objccti%-cly but is constructed by the science community within a 
framework of common assumptions %%hich (at the risk of over-simplification of his 
position) he terms 'paradigms' (sec Kuhn 1970). The aim for any given piece of 
research may be more concerned with illuminating the nature of the paradigm (or 
paradigms) rather than macly examining the phenomena ahieh evolve under them. 
Thus rescarchcrs need to be confident that their methods openly reel their value 
systems and fairly acknowledge the weaknesses inherent in much of the accepted 
research methodology. 
5.4 Research Methods in the Programme 
5.4.1 Action Research: Focused Interviews 
Focused intro-icws form part of the eclectic but respected 'case-study' family of 
techniques which arc themselves part of a wider strategy known as 'action research'. 
As the name suggests. action research is concerned with action (solving concrete 
problems in real situations) and research (tr)ing to further the goals of science) 
Rapoport (1970). The term was originally coined by Kurt Lewin in 1940 who 
advocated a cyclical research process of planning. acting. observing and reflecting 
where human activity was central to the subject of study. Later researchers highlight 
the value of action research for. 
i) the improw-cmcnt of a practice of some kind 
ii) the impro%emcnt of the zm&rszcn ding of a practice 
iii) the improvement of the si:: wiion in which the practice takes place. 
Those involved in the practice being considered are to be involved in the action 
research process in all its aspects of planning, acting. observing and reflecting. 
(Carr & Kemmis 19S6) 
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Within action research the focused intcr%icw can facilitate insight and understanding 
which may be difficult to achieve via other rescarrh methods. 1t may be used in 
isolation or with other case study methods as part of a detailed examination of a single 
example of Nhatcv-cr the rcscamhcr wishes to investigate. It makes no claim to be 
rrprescntativc - the essence of the method resides in the fact that each interview is 
treated as a unit on its own. Case study rescarch, which includes focused interviews. 
may be viewed as a methodological package since it can incorporate any par icular 
methods deemed appropriate, though the less statistical methods arc more usual. 
Techniques can include participant and non-participant observation, various categories 
of interview. audio visual rcconiing, field note taking, document collection and 
negotiation of products e. g. the discussion of the accuracy of an account with those 
involved. Sociological researchers differ on how this might be best achicvcd. Some 
adopt a -. -cry covert approach in their studies. not disclosing their true purpose, while 
others are emphatic that the rtscarchcr should be completely open about what he or she 
is doing via 'fully participant' studies. 
Opportunities for extended observations arc not usually available with action research 
and therefore the interview assumes a high profile. The extent to which any interview 
is focused or widc"ranging is bound to have an influence on the findings. It may be 
appropriate to adopt either strategy but in both cases the questions nerd to be carefully 
planned if the researcher is not to find only that which he or she set out to find! The 
advantages of correlating observations with interview questions and vice versa should 
not be overlooked. Interview strategies vary but Kidder has identified focused, clinical 
and non-directive as a means of distinguishing style and objectives. It is proposed that 
the third group arc useful when: 
... investigators are scouting a new area of rescamh or when they want to find out 
N% hat the basic issues arc, how people conceptualise the topic, what terminology 
is used by respondents and what is their level of understanding. 
(Kidder l9Slp178) 
While a c=-study approach is largely qualitative it can be used in conjunction with 
hypotheses. Bromley (1956) provides a salutary warning concerning the collection of 
information vvia case-studies. With refencnce to a number of studies drawn from the 
medical and psychological disciplines he stresses the need to keep fact and opinion 
separate, even though opinions are employed to interpret the facts. 
Another important consideration in the use of focused interviews concerns the 
comparison of observations and statements via a process of 'triangulation' in order to 
note similarities or congruence in the findings. At the end of the day, however, the 
researcher or research team has to put a construction on the evidence and for this reason 
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some rescarchcr hav-c adviscd including the 'raw' data as wcli as the intcrprctation 
u hen prtscnting the final rrport In this way later mscnrchcrs may consider for 
themselves the relationship between the intcrptttation and the data. 
5.4.2 Establishing Rcscarch Paramctcri via the NSE4 I) I'roJcct 
The =earth programme was initiated by an inquisitiveness regarding the functions and 
value of freehand drawing within design activity. If it had an initial hypothesis it was a 
broad one which suggested that freehand drawing supports essential design functions. 
This support was viewed as more comprehensive than the facilitation of mere 
communication - it was perceived to act fundamentally with a broad range of design 
capabiliucs associated with creativity. cognitive modelling. idea development, and 
evaluation as well as communication. It was believed that sketching possessed a 
valuable functionality for a wide vancty of the creative professions but especially the 
design and design related professions such as those associated with industrial 
production. the crafts, and architecture. It was not possible to simply test this 
functionality because the attributes and exploitation of freehand drawing were poorly 
articulated and poorly defined Also, drawing seemed to mean very different things to 
different people. 
In the early I9SOs %-cry little had been written about the role of drawing in this context. 
That which did exist suffered from a lack of agreed terminology, a poor understanding 
of the context of design in which it operated and it was often rather particular in its 
focus (for example, studies confined to architecture or engineering). What was 
required was an illuminative strategy which would pn nidc some definition to the 
phenomena and consequently allow potential directions for research to be identified. 
The first project of the programme allow ledged the logic of the focused interview 
method and it was used to illuminate the nature of drawing, and particularly freehand 
drawing, within designing. This was the project sponsored by the National Society for 
Education in Art and Design (NSEAD) and Berol U d. It is described in detail in 
Section 3. Those designers who agreed to be subjects were interviewed in their normal 
place of work. Each interview lasted for approximately one hour and followed a 
common script of open ended questions designed to allow subjects to illuminate their 
exploitation of dra%%ing. Intcrviews were allowed to meander, to follow lines of 
thought which developed. This, it was intended, would allow the research and 
researcher to remain in the background. There was no attempt to systematically record 
examples of the drawing output of interviewees. Some examples were copied or 
photographed for the purpose of illustration of the final report but it was each subjects' 
articulation which was of pnmary importance. 
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It would be wrong to infer to the work as a typical example of action research since it 
did not contain the variety of invcstigaUve methods nor the triangulation of findings 
which would be normal in such research. An extended period of observation of each 
subject would have been helpful in order to view their exploitation of drawing and to 
compare this with the verbal analysis of the formal interview but this was not practical. 
IHowever, the research was successful in providing illumination of a number of 
functions for drawing. One aspect of research quality comes from the richness of the 
articulation presented in the transcripts and for this reason the resulting transcripts are 
appended to this thesis so that they may be read in conjunction with the analysis and 
interpretation. This project provided the ideal foundation for subsequent research. 
Indeed it may be argued that the \*Sr; d\D ! ilcrol project provided the only logical 
strategy given the ill-defined nature of the msearch problem. The subsequent analysis 
of graphic acts, made possible as a result of the ROCOCO laboratory studies, was 
founded on the illumination of phenomena provided by the N'SEAD work. It 
highlighted drawing strategies, clarified usage of terms, revealed commonalities in 
working practices and provided e idcnce for valuing drawing within design activity. 
The NSEAD inquiry did not seem to generate knowledge in the classically accepted 
ways. Partly the under Umding cmcrgcd slowly - rather like putting together pieces of 
a jigsaw - as commonalities were found within the transcript data. Panty pictures 
'clicked' into place during the analysis of the transcripts. This illuminative advantage 
of the strategy should not be dismissed lightly. An alternative strategy based on in- 
depth studies of {mown drawing practices might have missed this. Opportunities to test 
observations were limited. There was some attempt to allow each interview to inform 
the conduct and substance of subsequent ones but no real analysis was undertaken until 
all the interviews were completed. The transcripts of each interview were not available 
before the end of the interviewing phase. 
This Chapter continues with a discussion of the methodological issues of the second of 
the two research project presented in this thesis. The next sub-section introduces what 
has been termed 'graphic act analysis' and proposes its use for investigations of 
drawing behaviour when designers are required to act collaboratively on a shared 
design problem. The project titled Analysis of Graphic Acts (AGA) was based on a 
revisiting of graphic and video material generated by the ROCOCO project which took 
place at Loughborough University between 19SS and 1992. The ROCOCO project, 
which is described in more detail in Section 4. was largely unconnected with the 
NSEAD project. It had a wider remit than the first project and involved a larger number 
of resscahcrs. 
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S. 4.3 Analysis of Graphic Acts via the ROCOCO project 
The author was pan of the ROCOCO project -a multi-disciplinary team working in the 
m. scarth field of computer supported collaborative work. The project had a 
considerably higher level of funding (from the Science and Itnginccring Research 
Council & the Department of Trade and industry) and it necessitated a higher level of 
organisation than the earlier NSEAD project. The rc. scatch concerned many aspects of 
co-operation and collaboration within computer based environments. While drawing 
was of primary interest to the author, other researchers were keen to investigate verbal 
communication and other forms of non-verbal communication, such as gesture, plus 
the nature of interaction between modes of communication. 
The ROCOCO project proposed to contrast, %ia closely controlled studies, the nature of 
the communication between pairs of subjects working proximally, that is. face to face. 
on industrial design tasks (termed Phase One) with similar pairs of remote subjects who 
were linked by computer technology (termed Phase Two). The studies aimed to 
identify and control the independent variables (such as design ability and modes of 
communication) so as to better understand CSCW and, particularly, to document the 
effects (via dependent variables) of impovcrishmcnts to the modes of communication. 
The research enabled conclusions to be drawn concerning the differences between 
CSCW and proximal working. It also facilitated conclusions regarding the rclati e 
value of modes of communication (including sketching) within CSCW. Phase One 
consisted of six one-hour design sessions, each undertaken by a pair of second year 
Design and Technology students as subjects. Phase Two consisted of twenty similar 
subject pairs but this time they were mmotc from each other and linked by computer 
based technology. Four conditions w ere established in Phase Two, each offering 
different permutations to the communication channels. These channels included 'video' 
(enabling subjccu to see each others expressions and gestures and to show items); 
`draving surface' (enabling subjects to make and share drawings via specialist 
software); and 'audio' (using a headset telephone to enable subjects to speak to and 
hear each other). In this way hypotheses could tested regarding the nature of computer 
supported communication. 
Much of the work of this project lies outside the remit of this thesis. Little is said here 
regarding the findings concerning verbal communication and gesture since these were 
the province of other researchers. This thesis confines itself to an overview of the 
research project plus a detailed examination of those matters pertaining to drawing. 
There is a considerable emphasis on revisiting the data generated by ROCOCO to both 
confirm the findings and to look for new relationships which did not form part of the 
original project. This revisiting process and the subsequent new analysis is referred to 
as the Analysis of Graphic Acts (AG: ) project. It is proposed that the thesis and. 
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indirectly, the wider research field of 'drap`ing and designing' benefits from these two 
distinctly different research projects with their diffcnng empirical techniques. The 
illuminative NSCAD study provides direction and context for subsequent research. The 
ROCOCO and subsequent ALGA projects pro%idc detail on the conduct of sketching in 
collaborative design not available clscs hcre. `e ROCOCO and AGA projects 
generated considerable data and both exploited statistical techniques for interpretation. 
The . EGA project made use of the computer based Statistical Package for the Social 
Sciences (SPSS) and thus the project %%-as able to generate very different output 
compared to that of the NSCAD project. Nevertheless. commonalities emerge which 
present the value and use of freehand draining in collaborative design. Graphic act 
analysis is shown to be an appropriate technique for comparing the use of drawing by 
simple design teams in two different conditions. It highlights significant new 
understanding regarding computer based collaborative designing. While the use of 
student subjects for the ROCOCO project may give rise to questions concerning the 
ability to extrapolate the findings to the wider design community the work is presented 
as beneficial to researchers in the fields of drawing and computing; to the industrial 
design profession and particularly to the manufacturers of future systems for 
collaborative designing %% ho may each be better informed regarding the value and 
functioning of freehand sketching in modem product design and development. 
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Section 2 Summary 
The methods for rescarching any gi%rn phenomenon are likely to have an important 
influence on the nature of the findings. Design research has been presented as lacking a 
common paradigm and this has implications for determining appropriate research 
methods for studies involving design activity. Furthermore, it has been proposed that a 
broad methodological dichotomy exists within the dm%ing research community and 
particularly that research concerned with investigations of sketching within computer 
supported collaborative working. Some researchers favour a classical cognitive science 
approach exploiting studies of sketching activity in laboratory conditions. Others 
highlight the distorting effect of such studies and prefer less intrusive. ethnographic 
styles of investigation such as various types of observation. Researchers have placed 
emphasis variously on verbal records. discourse transcripts, video recordings, graphic 
output and questionnaire responses and each hatv their own advantages. 
It has been proposed that this programme of research has a foot in both camps. The 
NSEAD project uses a focused interview technique to illuminate the broad functions 
and value of drawing and sketching for various designers and this is presented in detail 
in Section 3. The A GA project is based on an earlier multidisciplinary project titled 
ROCOCO and is presented in Section 4. The AGA project revisits the original 
ROCOCO material to produce new data and new findings regarding the output of 
sketches during collaborative industrial design activity. It does this , ý-ia a process of 
graphic act analysis. This empirical technique makes use of the SPSS computer based 
statistical package to identify significant differences in the data deriving from studies of 
proximal and remote collaborative designing. 
Section : Summary 75 
Section 3 
The National Society for Education in Art and Design 
(NSEAD) Project 
76 
Chaptcr Six 
The NSEAD Project: introduction 
6.1 ©ackgound 78 
6.2 Project Aims and Objcctiv`cs 78 
6.3 The Research Proposal 79 
6.4 Resc=h Prvicedurt 79 
6.5 Research Subjccu 80 
6.6 Data Analysis 81 
6.7 Introduction to the Findings and Discussion 82 
Section 3 Chapter 67 he NSEAI) Project: Introduction 77 
6.1 Background 
Each year the National Society for Education in Art and Design MEAD). in 
collaboration with neml Ltd.. offer an open bursary competition, In 1987 a research 
proposal was submitted by the author which was founded on the belief that there was a 
less than complete understanding of the functions and value of sketching in the 
emerging subject of design education in schools. This situation was compounded by 
anecdotal cvidcncc which suggested that articulation and analysis of sketching activity 
emerging from design practitioners was s-cry limited. It was proposed that this 
significantly hindered design awareness for individual students as well as limiting the 
development of the subject at all level of education. Furthermore, sketching in various 
design curricula. as well as in related subjects such as art. was under threat from the 
widespread exploitation of Information Technology (IT) and the movement to integrate 
computers into classroom teaching and learning. Without research to justify and 
support its continuation, and to establish its relationship with IT. there was a danger 
that the teaching of sketching would become marginalised in busy curricula. 'I'hr 
proposal was awarded the 1958 NS&kD/I3cml bursary prize which provided funding 
to undertake the researi: h. 
6.2 Project Aires and Objectives 
The res, -. arch bid was founded on the perception that drawing, and particularly freehand 
sketching, was a widely exploited but poorly articulated phenomenon within a number 
of design and design-related actiOtics. Whilst there was a perceived need for 
investigation it was not entirely clear hat the parameters of the subject were. Neither 
was it clear what the central research issues teere. Thus the research aims for the 
N'SEAD/Bcrol bursary project u cm: 
i. to illuminate the phenomenon of draining and sketching with rcfcrcncc to a broad 
spectrum of design-active professionals 
ii. to present new knowledge concerning the use. functions and value of drawing and 
sketching for various designers and design teams and onto which could be built more 
spcci is mseanch projccts 
iii. to establish a better understanding of the interface between sketching and computer 
based design practice both in industry and in education. 
The objectires wrrc: 
I. to undertake focussed intmiews v ith a selection of experienced and expert design 
pr tioners and to document the output as a scries of transcripts. 
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ii. to undcrtakc analysis of these transcripts and, subsequently, to construct new 
knowledge regarding the functions and value of sketching for individuals and teams in 
modern professional design practice. 
6.3 The Research Proposal 
The bid to the NSEADIi3croi bursary competition proposed to examine. via focused 
interviews. the functions and value of drawing for 20 people who were well established 
in various design and design-related professions. They were to be selected on the 
criteria that they were widely respected as designers and that they frequently generated 
sketches in the execution of their design work. It was important to the research aims 
that the subjects came from a wide vancty of design spccialisms because if the findings 
were to have any generality they would have to reveal a sigmficancc for drawing across 
a spectrum of design practice. Some of those initially approached were known to the 
author. Others were discovered from research papers or publications in the field of 
drawing and sketching. Sti11 others werk suggested by various members of the bursary 
interview panel who had a %,. ide interest and experience of the subject. It transpired that 
18 people were identified for intcr%iew which amounted to the number of positive 
replies to the initial letter of inquiry. It was proposed that the transcripts of the recorded 
interviews would be analysed. interpreted and published. 
*rbc research was always intended to be an illuminative inquiry having more in common 
with observational and other ethnographic studies found in the human sciences than the 
cspcrimcntal techniques of the natural sciences. The research could have been 
undertaken in alternative ways. It could4 for example. have documented the drawings 
of each subject; it could have required each one to undertake a set drawing exercise or it 
could have ccamincd less people much more closely. Each of these presented 
disadvantages to a project which %%as seeking to explore the parameters of an ill-defined 
phenomenon. Kno%%ing one subject's strategy in depth would not have provided the 
general illumination required. The focused interview technique was selected since it 
was Most likely to illuminate the broad practice of sketching, highlighting issues which 
might be significant, and which could subsequently provide direction for future 
research. Prepared questions provided structure and consistency to the interviews but 
interviewees were allowed to digress. Questions were deliberately phrased to 
encourage a broad range of responses. 
6.4 Research Procedure 
The intcryicws took place between August 19S7 and August 1985. Most intcrvicws 
took place at the subject's normal place of work. In some instances interviews were 
conducted with more than one subject present. Richard Seymour and Dick Powell 
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were intctvica-cd this way and their responscs influenced each other in a helpful and 
constructive way. Similarly O'Leary, Webber and Matt ews w+wcrc interviewed together 
in a single session. Each interview was intended to last for one hour but some were 
slightly shorter. The interview schedule consisted of a hierarchy of questions from 
very open questions to very specific ones. Some questions were designed to put the 
intcrtiic ace at their case; others were designed to seek explicit information about 
drawings and drawing acti%ity. The precise wording of questions vaned across 
intcr%icws because an attempt was made to use the terminology arising from the 
intcrviewccs. Similarly the intcrsicws were permitted to meander to follow potentially 
useful lines of inquiry but in each case the schedule of questions guided the overall 
direction. Each interview began in a consistent way. Subjects were asked to describe 
their work andfor their design background. Early questions explored their perceptions 
of their own design activity. After this introductory phase the questions then focused 
on drawing such as flow do you rise drawing in your design work' or Flow and why 
is sketching important in your design work? At this point the discussions establish 
their own agenda but meet the overall aim by providing a rich illumination of the 
subject 
All interviews were recorded on audio cassette tape and a transcript was trade of each 
by a research assistant. These were edited by the author to remove unnecessary verbal 
'noise' such as 'um' and 'err' and the occasional repetition of a response but are largely 
a complete and full record of each interview. Subjects were not permitted to edit the 
transcripts which are appended to this document. Where reference is made to these 
transcripts the page number of its location in Appendix I is given. 
6.5 Research Subjects 
me interviewees included a vide range of cxpcricnced practitioners. The full list of 
subjects is pro%ided below: 
Subjects for the NSEAD / Berol bursary research project 
pear Ashen Head of Department of Furniture Design, Birmingham 
Pol)lechnic (now the University of Central England) 
John Aston Head of Graphic Design, BBC Television Centre, London 
Royden Axe Director of Concept Engineering, Austin Rover (now Rover 
Group), Coventry 
Ian Ballantine Architect / Lccturer, Glasgow School of An 
Clifford Bowen Sculptor/ Lecturer, Glasgow School of Art 
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Mike Fuller Architect I Director, Pick. Evcrani, Keay and Gimson. Leicester 
pamctz I toward Theatre designer /I lead of Dcpatimcnt, Central School of Alt, 
London (now The London Institute) 
Patrick Irrland Frcclancc illustrator, , laidcnhcad 
Rod Kelly Silversmith. Norfolk 
Shcila Kelly )cwcllcr, Norfolk 
lmogen Margie Ceramic sculptor. London 
Sally Matthew}"s Sculptor, Loughborough 
; e'cxman b1cNally Product Designer, Course Leader - industrial Design, Glasgow 
School of Art 
Paul O'Leary Consultant designer, Loughborough 
Dick Powell Product Designer / Director, Seyymour"Powwwell, London 
Richard Seymour Product Designer / Director. Seymour-Powell, London 
Claire Webber Artist, Loughborough 
Rick Wells-Cole Architectural assistant, Pick, Evcrard, Keay and Gimson, 
Leicester 
Alan Williams Product Designer / Director, David Caner Associates. Warwick. 
6.6 Data Analysis 
The transcripts were analysed by the author only. The analysis consisted of several 
readings of each transcript to look forcommonalitics and significant differences. It is 
in the nature of the research method that the most significant findings may not be those 
which are raised most commonly and therefore a non statistical approach was adopted. 
The illuminative technique allows emphasis to be placed on those responses which are 
perceived to shed most light on the phenomenon under observation. Thus while the 
commonalities w ere sought and grouped together under provisional headings - being 
redistributed and rclabcllcd many times - the analysis and interpretation makes generous 
reference to one-off or statistically small occurrences of some observations. 
Consequently. a number of quotations are taken from the transcripts and presented in 
the analysis. From this analysis of the general and the particular a number of issues 
emerged within each of two broad categories - design communication and design 
dc%clopment. The research made no attempt to look for differences in opinion as a 
function of, for example. success, age, gender or profession due to limitations on 
available time and the very small sample of subjects used. 
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6.7 Introduction to the Findings and Discussion 
Given the nature of the research inquiry it is logical to combine the presentation or the 
findings with analysis, discussion and comment. What emerges from the transcripts is 
a clear and unanimous support for sketching within a broader mix of strategics and 
techniques which make up design activity. Equally clear is a broad distinction bct'A"cen 
sketching which supports communicational objectives and sketching u hich facilitates 
creative and developmental objectives. Section 3 continues by presenting the findings 
and discussion with this distinction imposed. Chapter Seven focuses on the use of 
dowing and sketching to support communication and attempts to link the NSEAD 
work with other published analysis. Chapter fright moves into less charted territory 
with its presentation of findings and discussion concerning how sketching appears to 
support fundamental and often internalised processes of creative design and idea 
development Chapter Nine concludes the Section with a review of the overall findings 
from the NSEAD project and this provides an opportunity to link the functions and 
values explored in the preceding chapters. 
In spite of the breadth of disciplines exhibited by the resch subjects there was 
unanimous support for the importance of sketching in design and design-related 
activities. Not only were sketches viewed as products in their own right but sketching 
was presented as a valuable activity in the poorly understood process of resolving 
design problems. For a spectrum of designers sketching was viewed as an essential 
tool for the very organisation of thought. At the time of the research Aston had the 
influential position of Head of Graphic Design at the BBC in London and he states that 
he would 'never appoint anyone who had not got very strong drawing skills' (A 15). 
For those seeking to enter one of the design professions an education in drawing is 
seen as essential. Ashen was not alone in believing that those early years spent leaning 
drawing were 'perhaps the most valuable years of the whole of my education' (A4). 
Why it is that such people view drawing and sketching as a vita] aspect of designing 
( forms the substance of this chapter. All of those inten-iewed stumbled at some point or 
other in their attempt to articulate the functions and value of sketching activity. It was 
It so penomena acre be=d verbal communication and it has given rise to a 
series of transcripts which are rich. if somewhat meandering, in their presentation. 
Iiouever. many of the comments are insightful and perceptive and the focused 
interview has proved to be a very valuable technique for this project. 
There exists a great deal of literature on how and why information needs to be 
communicated. Many of the subjects %%-cm able to dissect the phenomenon of 
communication and discuss its importance for them. However. communication is only 
one of the purposes of drawing within design activity. Design necessitates creativity 
and this may often be a private activity. The subjects displayed a widespread 
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exploitation of drawing even when it was anticipated that no other person would view 
this output. In such cases communication to others could not be the primary objective 
for such graphic activity but it may have something to do with a personal construction 
of an appropriate response to a given area of inquiry. It is this area which desperately 
requires analysis and articulation and it formed the focus for some of the questioning 
during each of the interviews. As introduced above, sketching and communication 
appears to present a well defined and understood relationship. Issues in this field, from 
a number of sources. arc discussed in Chapter Seven. The role of drawing in the 
creation. formulation, manipulation and improvement of ideas is discussed in Chapter 
E. fight. It is intended that the study will reveal the broad overlap and inter-relationships 
which exist between these functions and this is brought out in the final chapter of the 
Section (Chapter Nine) which presents the project findings. 
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7.1 Introduction 
As proposed in Chapter One, pcrbaps the most accepted and readily understood 
capacity of drawing is its ability to convey information from one person to another. 
Design activity relics upon successful communication for the identification of 
requirements, the sharing of ideas. the confirmation of understanding and the 
e aluation of proposals. The six communicative functions of drawing as defined by 
, t. sh%in in Chapter One are helpful but Ashwin fails to stress the central operational 
issue %%hich is that rarely arc any of them used in isolation. Even %hcn a drawing is 
intended to possess only one function other perceptions by vie%crs (who may include 
clients. colleagues, students ctc. ) create a wider functionality. 
The subjects of the NSEAD project provide some anecdotal evidence of the existence of 
Ashwin's function categories but, more importantly. reveal the operational pluralities in 
professional design practice. Just as natural language may contain ambiguities, 
providing potential pitfalls for linguistic research, so graphic imagery can have many 
simultaneous functions and thus it requires caution before easy categorisation. A 
drawing which is produced explicitly for referential purposes, for example for the 
communication of the components of a particular artefact, might be used, in a different 
context, to illustrate a particular profession or be admired for its graphic skill or 
interpretation. The same situation pertains for drawing within design activity. The 
danger with identifying certain 'types' of drawing is that any one drawing may reveal. 
simultaneously, many permutations of Ashwin's functions. This is compounded by 
different perceptions of functionality between the draftsperson and the viewer(s). Its 
function may also change over time - whether this be a minute by minute change or one 
u hich takes place over generations (for example, note the current interest in the 
functionality of the sketch output of Leonardo DaVinci which surely goes beyond 
anything the artist may have intended). The lesson is that any attempt at categorisation 
of drawing functionality needs to proceed cautiously. 
The capacity for drawing to communicate is most readily accepted even if the manner of 
its functionality is less well understood, It is the most public and the most marketed 
capacity of drawing. Design publications in fields such as graphic or product design 
display ample examples of slick images and manuals of technique - the 'hows' of 
drawing, but little which discuss drawing as a tool for better designing - the 'whys' of 
drawing. It may be that this reflects communication as the most comprehendible of 
capacities. Certainly the research subjects in the NSEAD project reveal a consensus of 
opinion with regard to the value of drawing for conveying or relaying information. 
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7.2 Communication as Sharing, Exploring and Filtering 
The industrial and commcrcial rcquircmcnts for fast, cfIcicnt and accurate 
communication have given rise to new trends in computer based working. Roydcn 
Axe, referring to his work at Rover, identilcs a significant trend towards replacing 
manual drafting and dra%Ong with computer based modelling techniques -a trend 
mirrored in all mass manufacture vehicle companies and many other consumer product 
industries worldwide. The driving force would appear to be a commercial pressure for 
a particular type of communication. namely the ability to share and separately update 
gnphic referential information across a broad spectrum of specialists. However, the 
trend towards computer based working is not so observable in those areas of the 
vehicle industry concerned with creative design such as styling or interior trim where 
fre, chand drawing and rendering are retained for their unique emotive and conativc 
functionality. Information sharing would seem to be well developed - idea sharing on 
the other hand appears less easy to arrange. 
Both Williams and Seymour discuss the importance of drawing in their communicative 
acti%ity and feel that for them it is the most successful and appropriate means to convey 
their types of information. 'McNally develops this further by indicating that 
communication is a responsibility and not just a preference for the designer. More 
importantly he idcntifcs two t}pes of communication: 
Designers have a primary duty to communicate their ideas to others. this is part of 
ahy they arc working, they have to convince others that their particular picture is 
valid and valuable. Also for their own ability to progress the work from a blank 
page to a working concept they have to be able to make marks which arge 
satisfying and convincing in their own temu'. (A90) 
Fuller quantifies his application of communicative strategies with reference to his work 
as an architect. He estimates that 9O' of his time is engaged in communication of one 
type or another and he suggests that drawing makes a significant facilitator. However. 
Me ally's distinction between drawing to communicate to others and drawing to 
communicate to oneself prompts a deeper analysis. It is easily overlooked when 
examining the phenomenon that a personal dialogue -a conversation with yourself - 
involving externalisation and interpretation of information, might be viewed as 
communication. Almost half the subjects referred to such private communication 
during the discussions and, of these, all rated it highly important to successful 
designing. Ireland is one of many who could easily distinguish between the work he 
produced to communicate to himself and that which he saw as communication to 
keß. Whilst those illustrations which arge submitted to, for example, an art director 
exhibit certain qualities, his personal work is very different; 
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I always skctch hen I am wotking out any layout. it is always a scrics of %-cry 
quick skctches which I probably wouldn't show to anyone. It is always only for 
my own use. (A59) 
Similarly. Dow"cn rcv=ls a rcquircmcnt for pri%-atc communication: 
Generally speaking I tend to do drawings which arc ostensibly for myself in that 
they are communicating about ideas in that very close and private way of artists, 
but I have always got a sense of there being another person looking over my 
shoulder. (A38) 
%%liy it is that dcsigncrs feel this need to cxtcmalisc and rc"prescnt graphically thcir own 
thinking is taken up by Seymour 
.. there are very, very 
few people in the world who would. I suspect. be able to 
conceive it all in their head and have no drawing ability v hatsoevcr. I think it 
would stop there a lot of the times because they would hit a stone wall of 
communication, both with themselves but more importantly, with the outside 
world. They wouldn't be able to express themsel%vs. (A96) 
Such personal communication has much in common with strategies for the exploration 
and manipulation of information and these are explored later. As discussed above, 
some drawing strategies exhibit several functions. some simultaneously, some 
sequentially, some supporting intended cognitive processes others perceived only by 
%jewers. For example, drawing activity may be attempting clarification or filtering of 
information. idea generation and externalisation of thought in addition to explicit 
communication to other people. An illustration of this is provided by Aston who 
describes a type of drawing he produces in early client meetings: 
As they are talking I am usually doodling, a peculiar kind of doodling, I suppose, 
because the one thing I must not allow myself to do is scan designing per se 
because I'm going to assign one of our fifty or so designers to it and he or she 
wouldn't thank me very much if I had already caused some prescription to 
happen. (M2) 
7.3 Communication: Conventions and Symbols 
In contrast to Seymour. McNally believes the central role of drawing is in 
communication to oneself and he encourages the development of greater graphic skill in 
order to be able to achieve such communication with greater quality. Ile goes on to 
dispute the notion that the only communicative ability a (product) designer requires is 
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%-ia the traditional, formalised drawings of the cnginccr. 11c vicws conventions, for 
example British and European drawing standards. as a means of ordering 
communication between a relatively small number of serialists operating in a much 
broader activity. Ballantine - also at Glasgow School of An but from the School of 
architecture. makes a distinction bct% ccn the value of diffczrnt types of drawing 
conventions. Whilst criticising formal pcrspcctiv-c drawing he secs value in other types 
of formalised drawing conventions: 
Strangely enough the Mackintosh School has not cncouragcd pcrspcctive 
drawing... because, I think, they arc overly beguiling. They arc rather like 
cartoons of buildings, they can take significant bits of the buildings and over. 
emphasise them: they can play down other parts of the building which ought to be 
more carefully referenced, identified and studied. Orthographic and... 
axonomctric drawing arc much more important to us than perspectives which we 
sec as a public relations job. (A33) 
The importance of referential drawing techniques within design education trccives 
%%idesprcad but cautious support. Ashen, for example, could foresee a situation where 
engineering conventions could stifle important design capabilities: 
I don't think you can conjure up ideas in your mind about how to construct 
something, unless a visual literacy has been awakened in the first instance. 
doubt very much if that visual literacy would be awakened through technical 
drawing. (A6) 
A great many of the subjects acknowledge various types of drawing which operate 
some here between very formal graphic conventions on the one hand and very 
idiosyncratic mark-making on the other. Designing in all its manifestations involves 
negotiation and communication with a broad community and drawing styles may have 
to adapt to suit the perceived recipient. Production managers, marketing departments 
and design staff may have differing understanding of any symbols used and may 
require very different types of graphic communication. Aston refers to drawing within 
teams in the field of television graphics. Typically specialists including technical 
coordinators, computer graphics programmem animators, illustrators and artists 
exploit drawing as a vital means to share. and thereby come to understand, each others 
contribution - not least so that each can be costed and a budget agreed. McNally 
indicates a respect for the international conventions which form the symbolic language 
of engineers but highlights a designerly requirement for communicating incomplete or 
imperfect 'visions of the future'. Such visions are presented by Bowen as the products 
of a less documented but equally profound language and with which designers are 
expected to demonstrate varying levels of fluency. Ireland identifies a requirement for 
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fashion journalists to be able to communicatc their observations to fashion editors and 
Snphic designers. The sketch output generated between these separate professions 
reveals the development of a fast and efficient but nc%, cnhclcss complex drawing style 
involving shared symbols. 
It would appear that the phenomenon of spccialisation inhcrrnt In contemporary 
manufacturing industry heightens the requirement for a common language. Dick 
Powell. himself an author in the field of drawing for designing. refers to his 
consultancy's increasing contact with manufacturing companies ahcn: there is an 
expectation for the consultant to immediately operate within the established systems of 
communication between, for example. in-house engineers. materials technologists and 
marketing departments. He not only indicates that graphic strategies may provide a 
common denominator for such communication but that a designer skilled in sketching 
can operate as a catalyst for the encouragement. coordination and documenting of group 
working: 
When we go into a big company like (example tcmovcd)... the one thing they 
don't have is someone who can draw so you have got a tcn-itic weapon. You can 
sit down at a meeting and say "we can do it like this" and as soon as you start to 
do it they say "how do you do that". (A99) 
Clearly drawing is acting as a means for Powell to communicate his pcrccptions and 
ideas but he is also providing a means to visualise the verbally expressed opinions and 
suggestions of others present at the meeting. It may be that this ability to externalise the 
thoughts of others, to make public that which is private (or at least only public in a 
verbal sense), and to allow teams to operate developmentally as a result of the graphic 
logging of output can forma major contribution to groupwork activities. This is further 
developed in the following sections but it is important to establish here that drawing can 
assist verbal communication. Aston provides an anecdote to illustrate this. He 
describes the importance of paper tablecloths at the Television Centre staff cafeteria 
which were for a short-lived period replaced by 'up-market' linen ones: 
If you were sitting at a table with designers they would constantly draw, At the 
end of lunch the whole paper tablecloth would be simply covered in drawings - 
not because they arc vandals. but simply because it is the easiest way to 'talk' to 
pcoplc. (A 17) 
Ashen provides similar anecdotal evidence: 
I worked for a time with Professor Dick Russell and he did very little drawing in 
a formal sense but when he was talking to you he was also drawing. In a way he 
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was not only conveying ideas to the people who wert msponsible for developing 
the designs but he was testing his own ideas at the same time. (A7) 
7.4 Sketching " An Integrated Communications Package 
Fr chand drawing provides designers with a profound communicative tool on %vhich a 
great deal of rcliancc is placed. It would appear to go beyond Ashwin's function 
categories as discussed in Chapter One - particularly regarding the pluralistic manner in 
which communication operates with other modes of communication and with other, 
private, drawing functions. As Williams admits: 'with a pencil in my hand I feel whole 
and I am only half a person without it -I am rcsuictcd to speaking about the design' 
(A107). Communication via sketching exhibits a richness extending way beyond a 
simplistic exploitation of agreed conventions. Some drawing conventions arc more 
trnspamrit than others and Pamela Howard apps to introduce a graphic 
personalisation into her drawings for thcavc set designs with a subsequent qualitative 
improtitmcnt in communication: 
I just know (that) the best collaborations I have with directors often come from 
the fact that I have done very good drawings. Even though the ideas may not be 
thoroughly developed, a sense of the quality in the production and the quality of 
my work is conveyed through the kind of drawing that I do. (A33) 
Clearly then, communication via drawing operates on a number of levels in addition to 
working alongside other functions. The lack of published information on this 
relationship has not gone unnoticed by the research community but as a result the level 
of debate is thin with a consequent scarcity of useful guidance filtering down to fields 
sah as design education. The next section moves into less well charted territory and 
presents analysis regarding functions of drawing other than for the communication of 
information to others. 
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8.1 Finding and Krsimnding to Design Problems 
lt is quite clear that designing and crcativity exhibit a cry close t lationship. What has 
not been made so explicit is the relationship that drawing has with cr+cativity across a 
broad spectrum of design activities. %%'cbbcr. Powell and Aston each highlight a 
crracirv. dc%-clopmental function which drawing prmidcs for them in thcir design 
practice. Powell provides a helpful introduction to an analysis of this phenomenon 
a hen he states that: 
one is a more creative person if you draw ... because you can have this 
conversation with yourself. you can express your ideas to others and you can 
organise your thoughts better. (A96) 
The notion of 'conversing with yourself' was introduced in the previous chapter and its 
complexity is compounded by the variety of reasons for which such a personal dialogue 
may be used. As McNally puts it: 'answering the problems. making the right moves. 
constructing the right structures and asking the right questions' (191). Perhaps 
Bowen's reference to his use of drawing as a means of 'assimilating information' 
(A37) provides some illumination. He presents drawing as a means of turning over 
fresh information, a way of trying things out and a way of consolidating a theme or 
thought. Bowen uses the term 'homing-in' which appears to extend the role of 
drawing from a problem-resolving de-ice to include a problem-finding one. It seems 
clear then that drawing requires a more detailed examination if the problem finding 
potential is to be madc explicit. 
if creativity does involve the seamhing out and discovery of new problems or the 
rephrasing of problem definitions as promoted in Chapter Two, then the interviews 
provide considerable evidence of a supporting function provided by sketching. 
Freehand drawing is presented as a key tool in the creative act of problem-finding. The 
zsthitcct and lecturer Ballantine categorically states that 'the whole process of drawing 
is to do with identifying very clearly what the problem actually is' (A30) and he goes 
on to stress as Einstein did. that the solutions to problems are much less important than 
are the definitions. Similarly %Villiams uses sketching to assist the definition of 
problems: 'If I go and sec people and talk about potential problems. I always end up 
with a pencil in my hand, drawing the problem' (A 107). It appears that those involved 
in design education are particularly concerned to attempt an articulation of this 
relationship. Ballantine and Howard examine the portfolios of drawings of prospective 
candidates for their respective higher education institutions not to assess the finished 
product but for an indication of the candidates approach to those problems with no 
immediate solution. The difficulty of comparing examples of such problem-finding 
dra%ing produced by students and experienced designers is highlighted by Ballantine. 
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tic prescnts the case for viewing the marks made by one with a mature design ability as 
necessarily diffcrcnt from those made by a student of design. Ballantine uses a delicate 
analogy to dcscribc the diminishing distance between problem identification and 
resolution for a maturing mind. tic likens the experienced dcsigncr to a poet who no 
longer has to struggle with aniculation. the words and the images 'offer themselves to 
his mind to express his emotions' whilst a young student is always having to proceed 
in 'bakwards and forwards movements' (A34). 
8.2 Critical Judgement and Creative Insight 
A particular exploratory function of sketching is presented by Ashen. who also has 
considerable expertise in design education. He promotes the activity of observational 
drawing as a means of exploring, understanding, remembering and, particularly 
critically judging. Raising the awareness of quality, detailing and proportion are 
presented as vital to the developmcnt of a visual literacy and Ashen holds that drawing 
provides the appropriate means of achieving this. This is echoed by puller. As an 
architect he believes that when you draw you 'look at things more thoroughly, in a 
much more concentrated way than if you don't draw' (A44). Perhaps it is that 
architects have a particular need or developed ability in this area. Certainly he believes 
that drawing practice provokes many architects to scrutinise building details during their 
street walks. It is interesting to note here the consensus of opinion between designers 
and artists. Whilst the end product is likely to be vastly different. Matthews, as a 
sculptor, points to drawing as an aid to understanding. Observational drawing is, for 
her, a phenomenon of line. She refers to line drawing as 'tracing' a given object in her 
minds eye in order to understand it better: 'I draw to help me understand. It's rarely 
used to express myself. It's learning about what you are looking at ... and being 
surprised' (ASO). The final point suggesting a process of revelation in addition to less 
dramatic learning approaches. 
Such analytical and exploratory drawing appears to increase the potential for 
discovering or 'seeing' new information. Obviously an individual's creative potential 
will have a bearing on this but the transcripts reveal a widespread exploitation of a 
process of deliberate or planned graphic encouragement of creative thinking. 
Articulation appears most strained in the communication of this notion. Subjects refer 
loosely to 'fccling' or 'expression' in drawing - even that which. on the face of it, is 
part of a controlled and systematic design processs. 
Howard acknowledges her use of such provocative graphic strategies and views 
drawing as an external expression of an internal response. This belief in drawing 
'making a response' forms a very important component in her work with young theatre 
designers. She continues: 
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We encourage people not to try and think out the solutions before they draw but 
to start with a blank piece of paper, start making lines, putting colour on a piece 
of paper, making marks ... and through that discovering something about the 
feedback process of drawing. (. \53) 
Clearly this may not provide a useful strategy for all designing but the intuitive 
approach does receive support from a number of quutcrs. It may be anticipated that a 
sculptor such as Matthews defines her successful drawings as those which 'seem to 
catch «hat you want' (A77) because of the traditional interpretation of creative work 
within the fine arts. However, such a deliberate and structured approach is mentioned 
by others who are involved in other applied or commercial activities. Ballantine refcrs 
to the importance of free discourse in the creation of arehitcctural concepts and he 
highlights the thumbnail sketch as both evidence of. and catalyst for, such cognitive 
acuoty. Similarly Axe sees a long-term future for the notorious marker pen renderings 
of the automotive industry (see Figure 3.1) simply because there are no other means 
sufficiently well developed to capture the essential 'caricature' of the designers 
intcntion. 
Another three-dimensional designer, Ashen, offers some development to this theme and 
he begins to indicate the profound links between dra%ving as a personal, exploratory or 
inspirational activity and drawing as an externalising activity % here images 
communicate conceptual development: 
One has to say that if you have an idea in your mind it is very rare if that idea is 
seen in the round. The idea may revolve around a structural idea " an idea of the 
use of materials, even some stylistic detail that you are interested in. but I always 
maintain that it is incomplete until I have got it down on paper and have drawn it 
from different points of view. As soon as you start drawing it you realise how 
inadequate your mental image is. You think you have got it contained in your 
mind but as soon as you put it down on paper you recognise there are facets of it 
that you can't really grasp just by thinking about it. So it is the first 
externalisation of an idea to test it. (AS) 
Such graphic discourse, %%hilst seen as important, would appear to be less easy to 
teach. Seymour identifies the randomness of much sketching activity and terms it a 
*flow of consciousness'. Lack of inhibition may be a prercquisitc for such a flow to 
take place as suggested by Fuller and this would support the inclusion of certain 
developmental activities %%ithin design education which attempt to rcducc inhibition. 
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8.3 Graphic Ambiguity and the Deveiownent of Skills 
Somewhere bct% ccn the analysis of the problem and the conscious exploration of 
proto-solutions lies a cloudy perceptual domain within which designers rcfcr to sources 
of motivation or inspiration that result from quick sketches they have made. Certain 
sketches are produced within which reside sufficient ambiguity for the mind to sec no 
single subsequent move. Rather the ambiguity facilitates several interpretations. Thus 
a creative analysis is begun which appears to display some congruity with Tovcy's 
cognitive processing model trfcrred to in Chapter Two. There is some support for the 
importance of ambiguity. i3owcn, for example, refers to his reliance upon drawings 
with flexibility, 'drawings which can be interpreted in a number of ways' (A39). 
Central to this issue is the deliberate reduction of preconceived 'meaning' without the 
sacrifice of 'feeling'. Margric illustrates this point when she discusses the nature of her 
drawn studies made at London Zoo in preparation for the construction of a ceramic 
scuiptum: 
I like the movements of the birds and it is very difficult to draw them. I might 
make just a quick squiggle. lend up with a line which has a feeling... 
Sometimes it's a feeling from the bird, perhaps it is aggressive or cheeky... 
There isn't anything definite. it's just a feeling I want to get over. (''174) 
Matthews' exploitation of drawing in a search for feeling implies an almost spiritual 
dimension to graphic activity - not least that drawing supports the generation of the 
spirit of appropriate types of responses without imposing the heavy hand of well 
defined solutions. As Seymour identifies 'the wonderful thing about drawing ... is that 
you can generate a spiritual conception of what you are doing, you can erect the spirit 
of something in a sketch' (A94). Ballantine offers support for this viewpoint with 
reference to one of the great designers of the Twentieth century: 
Alvar Aalto did very, very sketchy, embryonic. schematic drawings which were 
purposely ethereal because he was trying to catch what you could only call the 
spirit or the essence of the job. He did not wish to compromise solution by 
seizing on form too quickly. (A32) 
Underlying this exploitation of drawing as an exploratory tool is a fact which should 
not be overlooked. This is the sheer enjoyment in drawing exhibited by the subjects. 
Many stated that they would most likely draw whilst designing whether or not they 
foresaw a distinct function for their drawing. Some found their drawings appeared 
apparently unconsciously during meetings or conversations. There are sufficient 
telephone pads around the world crammed with doodles to give some credence to 
Kelly's opinion that drawing can be organisational, creative and involuntary. It is 
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difficult to isolate the functional rcquircmcnt to draw from this inner motivation but a 
significant proportion of the subjects expressed the feeling that they wert unable to stop 
thcrosclv-cs from drawing as they talk, listen or create. 
in addition to using drawing as an aid to learning, Seymour refers to drawing as an 
'immensely gratifying' activity and this seems to be the result of capturing something 
that eludes words. The enjoyment of drawing as a hobby or pastime was also widely 
quoted. Whether the ability promotes the practice or vice versa is unclear, but the 
majority of those interviewed regularly made time to maintain their graphic abilities 
through recreational sketching or painting. Howard. Margrie, Ireland and Fuller all 
refer to the frequency with which they draw and many of the remainder stress their 
pleasure in drawing during infrequent vacations. The practice may be formalised such 
as the life drawing classes attended by Ireland, or informal as discussed by Williams, 
who keeps a sketch pad in his car and %ho expresses enjoyment in drawing birds and 
stones. It was this latter interview that perhaps most successfully explored the 
relationship between recreational sketching and an exploitation of dra%ing within the 
pressurised, commercial world of design. In this, Williams highlights the very great 
importance of 'inquisitiveness' to the designer. 'If you lose interest you might as well 
pack it all in. What is important here is the relationship that Williams presents between 
the importance of inquisitive sketching and the development and maintenance of 
cognitive skills essential to designerly thought. If inquisitiveness is associated with 
being pro-active and with strategies for problem finding, creativity and the comparing 
of information of many types then it may be, %iewed as an important mental capacity for 
designers. 'I think your level of inquisitiveness drops off if you arc not constantly 
looking and thinking and sketching about a notion or thought" (A110). Ashen also 
presents an interesting analysis of the desire to draw: 
When I went into the army I continued drawing. I've got sketchbooks full of 
drawings, simply because it was a means of coming to terms with the world 
around me; new landscapes. new situations, new people. It seemed to me a way 
of making contact in a very real way. (AS) 
*111c relationship bctwecn drawing and designing is further articulated by McNally- 
If you cannot report on what exists. i. e. you don't have an investigative vision of 
the world around you, then you can hardly be expected to report on what doesn't 
exist - things that you arc pulling out of your head. Objective drawing constantly 
informs conceptual drawing. (ASS) 
This represents a clear statement to establish a relationship between graphic ability and 
cognitive development. 
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Tbc traditional subject for drawing studies, the human model, rrccivcs some support as 
an appropriate focus but this is by no means unanimous. \Vhilst Powell suggests that 
designers may improve particular capabilities by sharpening their powers of 
observation and recording through lifc"drawing, McNally is more cautious about its 
contribution. His belief that life-drawing provokes ccnain ways of drawing, 'in the 
way that marker pens do', should be considered carefully alongside the traditional easy 
xccptancc of such practice. 
8.4 Drawing and the Exploration and Manipulation of ideas 
The role of drawing within an exploratory strategy is clearly then not limited to small 
patches of application. It lies at the very heart of our search for understanding. 
Explorutaon has been presented as a conglomeration of interrelated activities, some 
revolving around problem analysis and inquisitiveness, others around creativity or 
discovery and still others that arc concerned with giving form and making visible the 
products of such exploration. The role of sketching as a means to externalise face 
discourse has already been discussed and it would seem that this is closely bound up 
with the value of, and techniques for generating and externalising, an individual's 
'cxpression'. Howard uses this term as part of her definition of drawing as an 
'external expression of an internal response'. The implications for education arc 
considerable and it is worth highlighting here a relationship bctu"ccn expression and the 
development of young creative minds. Howard is concerned with undergraduates who 
intend to design for the theatre and she states: 
A lot of my work with the students is to try and rid them of the preconceived 
thought and not to be afraid of making very instinctive responses to a piece of text 
or music. (A53) 
It is important to make a distinction between drawing for manipulation and drawing for 
exploration. While the output may exhibit close similarities it is the intention of the 
drawer which distinguishes the two. They both appear to exploit some %"cry delicate 
and ephemeral capacities of the human mind. 'Mention has already been made of the 
deliberate exploitation of ambiguity - the production of sketch draining which is at one 
and the same time clear and yet flexible in its interpretation - to the benefit of the viewer 
andlor the drawer. Closely associated with this is the exploitation of serendipity or 
happy chance. This notion arose so frequently in the interviews that one is led to 
believe that happy chance can be conjured up or provoked at will! Perhaps the 
immediacy of drawing assists this process. As Matthc%vs says. 'I think the nice thing 
about drawing is the spontaneity of it. You may not have even intended to do a 
dra%ing - you were just feeling around' (AS3). In the same interview O'Leary talks of 
'fleeting moments' during designing and encourages us to consider humour as an 
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important catalyst in this process of spontaneity and scrcndipity. Webber and 
Ballantine independently rcfcr to drawing as a 'trigger' mechanism and perhaps the 
sate illogicality that can make us laugh can supply the trigger for the creative 
rcintcrprctations necessary in creative design actihity. 
Such analysis is made more difficult by conflict in terms used by the intcr ic%%-ccs. 
Whilst the consensus of opinion reveals drawing as largely a pleasurable activity it 
appears as if some success is only achieved after some discomfort involving. for 
example. anxiety or mental strain and this bears some similarity with Edwards 
identification of 'distress' in the creative act as discussed in Chapter Tw"o. Webber 
dcv claps this and refers to the influential role of anger in the production of a drawing 
with which she was eventually very pleased. 
Another anomaly concerns the comparative value of carefully executed work and fast, 
trartsitory sketches. Although they may be intended to provide no more than a fleeting 
function, fast sketch drawings often display characteristics which make them very 
precious to the drawer and the viewer. A blend of serendipity, skill, speed. economy, 
pleasure. pain, anger and humour can often produce a sketch of more interest to people 
than the finished product whether that be a building, a domestic product, a piece of 
sculpture or a painting - an observation borne out by the huge popular interest in recent 
exhibitions of designers sketches such as Back of the Ein-elope held at the Victoria & 
Albert Museum in London in 1995-96. The roughness of a sketch would appear to be 
an important characteristic of some types of design drawing. A very detailed sketch at 
the conceptual stage may stifle creativity by limiting the interpretations possible with 
more ambiguous forms of drawing. This might lead to a fixing of early thoughts which 
might otherwise have been improved upon. Williams speaks disparagingly of his own 
output when he describes a certain type of drawing he does as 'appalling' but this might 
only be the case if such drawing were intended for purposes of communication to 
others. Such sketching clearly provides a valuable function fora director of a major 
design consultancy or he would not waste his time. This issue is developed by Nlargrie 
and %Vebbcr who deliberately exploit their drawing talents to produce different types of 
images, some of which arge deliberately unpolished: 'Sometimes the best drawings for 
me are the rough sketches'. (AS3) 
The distinction between exploration and development within designing is particularly 
ill-defined, perhaps because of the symbiotic nature of their functioning. Rarely does 
one get the opportunity to thoroughly complete research activity before manipulating 
such information in a response to various problem areas. In fact a case could be made 
for the importance of creatively examining the breadth of certain types of design 
problems, and the possible responses to them, before a systematic research process 
was completed. Thus drawing strategies which aim to explore problems, manipulate 
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information and visualise responses haue no clear boundaries between them. 
Designing is not a linear process. Its iterative nature is well documented and this 
results in different requirements for drawing at any given stage of the process. To 
compound this issue skilled practitioners. as presented in the transcripts, arc able to 
produce drawings which perform multiple functions. Whilst an individual designer 
may be exploiting drawing to creatively and personally explore an issue of concern, 
these same drawings may readily communicate form. detail, scale, emotion etc. 
Similarly much sketching activity is used to simultaneously clarify conceptual 
development. facilitate evaluation and provoke further generation of ideas. Any 
division between communication and exploration is a false one since drawing can 
encompass both. In reality drawing styles and purposes merge gradually into one 
another and reflect the personal preferences of the drawer, be they designers or other 
specialists exploiting drawing. There is one particular aspect of exploration which is 
fundamental to creative design activity. This is the ability to manipulate information in 
te search for a clearer understanding of the problems and the means to resolve them. 
W` illiams provides a helpful statement that illuminates a relationship between 
exploration and manipulation: 
Perhaps in certain circumstances a quantity of sketching or scrawling is an 
indication of a poor or illogical process of thinking. but it can rcv-cal a way of 
using a pencil as a tool to uncover ideas. Few people can actually sit down and 
draw something that they have imagined. It is a natural way of developing ideas. 
One can usually identify. by looking at somebody's scrawlings, how hard it is for 
them to get any ideas. If there is a flow of ideas the sketches, the drawings seem 
to indicate the lucidity of thinking. (ALOS) 
perhaps one of the most important relationships to establish is that which exists 
between drawing and modelling. Section One proposed that a capability for cognitive 
modelling was essential to effective design practice. Drawing was presented as one of 
a number of modelling tools and one with a number of unique characteristics. The 
notion of drawing as modelling is picked up by a number of the interviewees in this 
project and McNally opens the debate with an economical summary of a relationship: 
Dra%%ing is a very economical way of modelling. it is the fastest and best way of 
having a quick idea, a visualisation. of what is in your head and thus leads 
naturally into solid modelling. (AS7) 
It is interesting to note that designers such as Powell and Ashen, and the sculptor 
Bowen, refer to drawing as a 'tool'. Such terminology aims to discourage any 
perception of drawing as an end product " almost to deny those values that are 
associated with traditional art appreciation. Yet clearly sketch drawings do provide a 
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great service and do possess great value. 
The manipulation of information in controlled and crvatisc ways would seem to be a 
iºcy clcmcnt in a dcf inition of design activity. As an architect, Fuller extends its 
application with an appeal to obscn c physicists manipulate information with the aid of 
such things as abstract patterning and formal diagrams. More importantly he provides 
an insight to his own manipulation of ideas during his designing of a major 
supermarket: 
The first lot of Norwich drawings I did " there were seven A3 sheets which I just 
spent sort of doodling really. just playing with ideas. thinking about 
supcr rkcts. people pushing trolleys and this sott of thing. (AWG) 
The use of the word 'play' occurs fnrqucntly in the transcripts - and a little 
apologetically " as if there should be no requircment for such apparently unfocused 
activity. On the contrary, play can be quite a focused activity but given that it can be 
both it points to a human capability for a focused flexibility which is essential to 
creative design activity. Drawing and playing appear to possess a particularly close 
relationship which may reel itself in both a formal and an informal sense. McNally 
refers to the former in his discussion of the teaching of drawing to ttvrc-dimensional 
design students: 
We are teaching them about %isualising ideas. about how to manipulate form. 
how to swing things round on paper. so they actually have the ability to see the 
back of an object as well as just a fixed view. (A87) 
Drawing as a dc%-clopmcntal tool receives support from other subjects, here from 
Ashen: 
«'hen you look at things that arc successfully conceived and built you find that 
they have undergone a very elaborate development. each stage of which entails 
modification and development. A student who chimes he has got it entirely 
encapsulated in his head and only needs to put it down is taking a very arrogant or 
eery ill-educated view of the role of drawing. (A7) 
People feel they don't need to draw, they don't need to explore the idea, but the 
dra%ing process immensely modifies what is thought of an idea'. (AS) 
Manipulation. then, may be intcrprcted as the development of an idea or ideas to extend 
both the quality and quantity of information available for evaluation. As Ireland puts it 
an idea in the mind begins to come through on to the paper and then it develops and as 
it develops you sec other possibilities' (A59). Powell refers to this development via 
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drawing as 'c%"olution'. 
A major factor in the successful manipulation of information would appear to be the 
capability to visualise or cxtcmalisc conceptual ideas through drawing and there is no 
dispute that a technical proficiency with drawing is %"cry convenient. i lowever, for 
many people drawing is perceived as merely an exercise of this ability to visualise. 
Furthermore drawing is widely viewed as simply a process of making visible complete 
or developed ideas but as Ashen highlights above it should be viewed as a complex 
symbiotic process involving visualisation, perception and evaluation. Where drawing 
is employed for design activity one would have to add its ability to support exploratory 
and developmental thought. The capacity for communication must not be overlooked 
since drawing is an extemalisation allowing others to participate even here this is not 
explicitly intended. Ashen again: 
Designing is to me a most extoordinary occupation. It employs a capacity of the 
human animal, which we are told other animals don't have. and this is the 
capacity to cn isage and bring to fruition part of the %isualisation. (AG) 
Words are presented as insufficient on their own and unable to cope with the 
multiplicity of factors inherent in even the simplest idea. Speed is also suggested as an 
important advantage which drawing has over words for the visualisation of certain 
types of information. Speed is cited by Kelly in support of a design technique which 
exploits both drawing and photocopying for the development of artifacts to be made in 
silver. Occasionally visualising skills come into their own when there is a requirement 
for technical excellence in producing highly realistic images through skilled control of 
media. This may be exploited for the externalising of the designers own thought or, 
mote interestingly, as a device to visualise (albeit in a somewhat hit and miss manner) 
somebody else's conception. Aston discusses the undervalued significance of the latter 
with reference to planning meetings where a designer is present: 'I always like sitting in 
those kind of meetings ... because you {sow 
full well the designer is going to be able 
to visualise very clearly' (AIS). Within the field of television graphics Aston believes 
that many of the designers working under him have achieved their success as a result of 
-damn good visualising skills'. The ability to visualise graphically seems to appeal 
across a aide spectrum of professions and activities. As a product designer, Powell 
finds his %isualising capability in great demand in industry. An extended version of a 
quotation referred to earlier highlights this: 
When we go into a big company like ... (name removed) they've got marketing 
people, sales people, engineers, plastics technologists, electronics people, all 
these blokes. The one thing they don't have is someone who can draw so you 
have got a terrific weapon. You sit down at a table at a meeting and say "oh, we 
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can do it likc this', and as soon as you start to do it they say 'how do you do 
that". I would imagine cvcn if you arc a textilc dcsigncr sclling to a tcxtile 
company you unc worth buying bccausc they havcn't got that. (A99) 
Although the conceptualisation can only be howcil's thcrc does seem to be a unique 
capacity for drawing to facilitate the externalisation of someone else's ideas. As Powell 
continues: 
Someone will say "What about a saucepan that does this' and you say "what do 
you mean, like this? " and suddenly you present them with a picture of it. (A99) 
Several of those interviewed felt that design folders and sketch books were the best 
indicators of design capability in young designers. Williams, for example, prefers to 
by-pass laboured presentation drawings in favour of rough workbooks when 
interviewing potential emplo)-ees. Such rough sketching activity is viewed as personal 
and creative and provides Williams with the sort of evidence he requires to make an 
evaluation of someone's design capability. Seymour is equally supportive of the 
importance of sketchbooks but is critical of the poor understanding of their value 
displayed by students: 
In education, people say "look you guys, sketchbooks arge naliy important to get 
you into college". So students panic because they hawvn't done a sketch book 
and set to and scribble out a post-generative series of drawings. (A97) 
Many of the subjects relayed a perception that students appear to misunderstand the 
value and importance of drawing and sketching. Too often students believe that sketch 
work- undertaken aftr a particular design problem had been resolved would be 
indistinguishable from that undertaken durini! the project Their immaturity giving rise 
to an inability to sex a qualitative difference between drawing undertaken in parallel 
with cognitive developmental processes and that merely recording stages of what has 
already taken place. The value of such 'padding' was dismissed by several 
inteniewecs and highlights important learning which needs to take place in our schools 
and universities. It is not only product designers who value sketch output as a means 
of determining design ability in junior designers. Asa sculptor, Matthews would often 
rather see background, sketched activity in preference to the finished three dimensional 
sculptures. Perhaps they provide a 'window' into that personal domain highlighted by 
% illiams. Clearly, such drawings must communicate something about the relationship 
between process, maker and product for them to arouse such professional interest and 
}et the technical quality of such imagery can, on the face of it. appear quite poor. Any 
graphic strategy implemented at the pace of cognitive activity will be hard pressed to 
cap = both concept and detail - assuming there is detail in such conceptual thought. 
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Marks may be quick and erratic. flitting between drawings as ideas emerge or are 
mjcctcd. This combination of mental and physical activity often leads to the 
development of a notational graphic 'shonhand. It may not display the conventions or 
codified elements of other, more developed, types of graphic communication but many 
subjects. concerned with two dimensional and three dimensional design. believed they 
had developed a unique personal graphic style. Having said this, even a cursory 
examination of drawing output reveals the implementation of conventions such as depth 
cues (for example, perspective, shading or overlapping) and symbols so that 
communication is facilitated. The dm%ings from one of the pages of a design folder by 
O'Leary (Fig 3.2) reveal the use of a concise graphic shorthand alongside more 
controlled, conventional imagery for communication. 
Perhaps such pcrsonalisation of graphic output is inevitable given that it operates in 
parallel with analytical and synthetical mental processes which may themselves be 
idiosyncratic. The sketch drawing of the subjects varies enormously in quality and 
quantity. Some appear to trade-off communication for other developmental functions 
and their work is hard to `read'. Others display a clear, meticulous approach. 
McNally, suggests that it is those designers involved at the fine art end of the spectrum 
who would have most reason to develop a less communicative, personal or internal 
graphic style. As for his own style he believes: '1 simply developed a way of working 
which suits me. It's not the same as everyone else but it influences the way in which 
the s=ture comes out in the end'. (A90) 
There is no consensus regarding the notion of design discipline directing graphic style. 
As a fine artist Webber belie es that whilst some people will draw in a precise fashion 
others will draw scruffily. The important thing to her is to be allowed to develop a 
personal style. Powell and Seymour often work together as a team and they believe 
they have developed a shared graphic shorthand between them. They refer to it as a 
high and very refined order of language suggesting a function in both the 
externalisation and communication of mental activity. Matthews provides a succinct 
conclusion to this part of the analysis by proposing links between a fast personal 
graphic style and the requirements of designing: 'I think as you get better at drawing 
you jot things down quicker so you are eliminating a lot of things quicker'. (A78) 
The personal, idiosyncratic drawing seen in sketchbooks and on the backs of envelopes 
would appear to be a blend of experience, the requirement to explore and develop ideas, 
and the need to communicate. In student designers it may also reveal a capacity for 
creative thinking and as such is likely to remain an important indicator of design 
capability for admissions tutors and potential employers. 
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8.5 Drawing in Spatial Thinking and Evaluation 
The relationship between drawing and thinking is central to this pmjcct. Some of the 
intcr%icw questions attempted to illicit responses about the way drawing skills and 
thinking skills were linked. The capacity for 'three dimensional thinking' is widely 
regarded as an important skill. As Powell states: 'it certainly seems to be the case that 
people who can draw have an ability to think three dimensionally and revolve 
something in their head'. He continues: 
If you vc got a very complicated bit of moulding tike. for example, the jug kettle. 
you can %isualisc not only the product but the tool that makes it. You can sec 
where the undercuts arc and you can configure it in your head. (A 100) 
Clearly Powell is describing a powerful manipulative capability of the human mind and 
one not limited to design specialists. There arc many toolmakers who exhibit 
sophisticated three dimensional thinking as a result of their familiarity with certain 
wefacts but they may not be so adept with the broader spectrum of cognitive skills 
necessary for design thinking. Three dimensional thinking may be best developed 
through experience with tangible artefacts but even here drawing can support the mental 
skills via. for example, the formal drawing practices of the engineering disciplines or 
the more art based practice of observational drawing and analysis. Design thinking 
requires a range of capabilities for the organisation and transformation of information. 
IIowcn illustrates these broader modelling capabilities. He suggests that many students 
develop conceptualising skills not through making but through drawing. Thus an 
important mental capacity is encouraged by the practice of drawing. If modelling can 
exploit the type of simultaneous cognitive processing as proposed in Chapter Two then 
the interviews provide some evidence for viewing a close, perhaps symbiotic, 
relationship between processes for manipulation, externalisation and evaluation. Even 
a hen undertaking the apparently passive activity of observational drawing some of the 
subjects felt that creative interpretations were difficult to suppress. Margnie, for 
example, talks of constructional limitations affecting the way she looks at, and draws, 
the bird subjects of her ceramic work. The transcripts reveal evaluation throughout the 
design process via iterative cycles of varying duration. Evaluation guides exploratory 
activity. It is present in all creative work and there is widespread agreement on the 
importance of drawing as a facilitator of evaluation. The volume and variety of 
information, even in a simple concept, may be too much to hold in the mind. Drawn 
images not only capture elements of a concept at a given moment in time but allow the 
individual to hold certain variables steady whilst manipulation or evaluation of others 
takes place. Williams refers to his sketching as his only means of assessing ideas - 
especially when they involve complex three-dimensional forms. This is developed by 
Bowen who views drawing as enabling the 'testing of notions' and the 'anticipation of 
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prblcros'. Margric extends the c%aluativc potential from the conceptual phase to the 
much later production of a prototype, in this case a ceramic bowl: 
If you have got a drawing thcrc, then you have got sonuthing to work from. 
When it gets slightly out of control you can look at a drawing and say "well, this 
bit is alright". (A75) 
Ashen presents a more incisive analysis with his use of the term 'feedback'. lie states: 
'it is only through drawing that i get the feedback which tells me what is wonh 
developing and what is not'. (A6) Plying, visualising and evaluating, then. arc 
significant rrquircmcnts in design activity. They demand the exploitation of modelling 
apes %%hich facilitate such delicate and fugitive mental processes. 
Chaptcr Nine concludes this research project. it highlights the significance of the work 
and introduces the issues which underpin the second of the research projects involving 
an investigation of drawing within computer supported design tcamworking via a 
process of graphic act analysis. 
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9.1 Achievement of Objectives 
One of the key objectives of the project was to collect verbal evidence of the 
exploitation and significance of drawing from professionals engaged in commercial 
design activity and this has been achieved. These data facilitated an analysis and 
exploration of the functions and value of one particular aspect of drawing, namely, 
sketches and sketching for designers. The project exploited a focused interview 
technique to collect the views from IS subjects who represented a wide spectrum of 
design practice from engineering and architecture at one extreme to the fine arts at the 
other. The research design was based on models of inquiry drawn from the social 
sciences where the subjective opinions of case studies. in certain circumstances, may be 
just as valid as other research techniques. The research method can prove particularly 
useful for illuminative studies which seek to establish the nature and extent of a human 
phenomenon and for this reason it was particularly relevant. The subjects were selected 
on the basis of their design expertise and their existing exploitation of drawing but no 
claim is made that they represent the whole design profession. It is proposed that their 
subjective views have intrinsic value and their experience of modern commercial 
practice can provided pointers to the exploitation of drawing today - particularly with 
reference to design teamworking and computer based working. The findings which 
emerge also highlight important requirements for design education in the future. Since 
the conclusion of the project a number of papers, based on the analysis presented here, 
have been published (see Garner 1990,1992,1993 & 1994). 
This project provided the ideal foundation for subsequent research. Indeed it may be 
argued that the NSEADIBerol bursary project provided the only logical strategy for 
exploratory research liven the ill-defined nature of the research problem. The 
subsequent experimental studies were perhaps made possible as a result of the 
illumination of direction provided by the NSEAD work. It highlighted drawing 
strategies. clarified usage of terms, revealed commonalities in working practices and 
provided evidence for valuing drawing within design activity. The open-ended 
interview technique as discussed by Kidder (19S 1) encourages the unexpected and this 
turned out to be a significant advantage to the research. It allowed the conversations to 
address drawing functions other than those concerned with the anticipated 
*communication'. Drawing functions concerned with the manipulation and exploration 
of information were at least equal in importance to those for communication. 
9 .2 Drawing and 
Cognitive Processes 
Drawing has been promoted as an essential aid to designerlyº thought but it has 
applications beyond the relatively narrow requirements of the design professions. 
Support for the importance of developing a wide-ranging graphic competence comes 
Section 3 Chapter 9 The NSEr1D Project: Drawing, Sketching S Designing 109 
from many quarters. The research highlights the value of drawing for students of many 
subjects - not just those who seek a career in the design professions. Drawing appears 
to facilitate creativity in the most fundamental sense. In the interviews prescntcd here, 
Williams. for example, believes that the better one can draw, the quicker one's ideas 
arise and arc developed. In another interview Kelly even refers to certain chasing 
techniques of the craft of silversmithing as 'drawing' in silver. 't'here is evidence to 
support the existence of an important relationship between drawing and seeing. In 
Section One, the role of drawing in the development of perceptual skills was noted. 
I ill. particularly notes: 'Drawing can and does heighten visual sensitivity. It prods the 
draughtsman to sharpen his observation beyond the ordinary level'. (Hill 1966) 
Dra%ing is immensely complex in the way that it interacts with the human mind. There 
is considerable support for the notion that dray- ing may rightly be considered a 
language and a comparison with natural language presents some interesting parallels. 
Barnes, for example. discusses the use of natural language to 'make up stories... set up 
hypotheses and form theories' (Barnes 1975) and he discusses how speech can be used 
to construct a 'new reality'. He refers to Vygotsky's term `inner speech' to describe 
that capacity of the human mind to rearrange a problem by 'talking it over'. Dames 
promotes the view that such talk clearly has more important functions than mere 
communication. He proposes that '... the importance of language... is that it makes 
knowledge and thought processes readily available to introspection and revision' 
(Dames 1975). The transcripts present similar capacities for drawing to support and 
facilitate introspection and revision along mich other thought processes. The fact that 
the only capacity of drawing to receive serious attention has been its ability to facilitate 
communication has been the root of much undervaluing and lack of development of this 
language in education. Manipulative activity is viewed by Dnmcr as vital to education 
and he presents the capacity to 'recode' inforrnation as essential to normal development. 
tic writes: 
I suspect that much growth starts out by our turning around and recoding in new 
forms... what we have been doing or seeing, then going on to new modes of 
organisation with the new products that have been forced by these recodings. 
He continues: 
The systems by w hich we organise or interpret cxpcriencc can be changed not 
only be new experiences but by representing old experiences to ourselves anew. 
(Bruner 1966) 
Many of the intcr<'iewecs reveal strategies of graphically turning around and recoding 
information in much the same way that Bruner describes. Drawing would appear to 
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offer a eery suitable means of supporting the cognitive abilities highlighted by Bruner 
and it may have a particularly important function in design activity which demands a 
manipulative ability with visuo-spatial information. The comparisons with natural 
language arc also helpful when considering the ability for drawing to support 
exploratory strategics. Barnes identifies a type of talk he refers to as 'exploratory talk' 
and «hich is presented as a means of groping towards a meaning. The similarity 
between the use of natural language in this activity and the use of drawing to support 
design thinking is striking: 'lt is usually marked by frequent hesitations. rephrasing, 
false starts and changes in direction' (Barnes 1975). Barnes' observations arc 
uncannily close to a description of those early tentative marks put down by an artist at 
the start or a drawing or by designers at the inception of design activity. lie identifies 
exploration as composed of hypothetical expressions, each of %%hich are open to 
modification. For Barnes the evidence is seen in such statements as 'She could have 
gone out' and 'He ably felt' while its counterpart may be seen as the unfinished 
and ambiguous doodles and tentative sketches of the designer. 
That design is concerned with activity promoting association is an issue recognised by 
Cross: 
Designing is a process of pattern synthesis rather than pattern recognition. The 
solution is not simply lying there among the data, like the dog among the spots in 
the well known puzzle: it has to be actively constructed by the designers own 
efforts. (Cross 19S2) 
The search for pattern can be seen in all manner of human endeavour such as science, 
music and the built environment and it pervades all levels of intellectual activity. 
Association of ideas and concepts may be engineered through graphic activity and the 
juxtaposition can be harmonious or provocative. Drawing, and more particularly 
sketching, may support new or hybrid conjecture via the links which are made through 
the mechanism of perception. Curriculum development in this field by the Open 
University presented chance as an important aspect in the related phenomenon of 
creativity. It has much in common with earlier work by Deflono on creative thinking 
(sec. for example, Delono 1969). Both have proposed that chance can be encouraged 
to contribute to creative or `generative' thought. Sketching may be viewed as 
facilitating chance via the incomplete nature of its manifestation. The imagery may be 
idiosyncratic. unfinished or ambiguous and the subject may be poorly or incompletely 
understood It may not always foster perceptive insights but sketching can create a 
state of mind within which the mind is receptive to suggestions. To paraphrase 
Pasteur. the mind can be prepared for chance. Sketching activity and sketch output 
may provide an important means of achieving this. 
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9.3 An Integrated Strategy 
Whilst the transcripts may suggest some distinctions between functions of drawing 
activity, in practice drawing to assist manipulation, exploration and communication of 
ideas may have no clear boundaries. The function of clarifying ideas may be seen to 
have as much to do with communication as with manipulation. Similarly exploratory 
thought for some designers may exploit skilful representational drawing, rather than 
Idiosyncratic sketching. There seems to be little evidence to suggest a relationship 
between particular graphic types and the function required at various stages throughout 
design activity. This may have more to do with the plurality of design thinking, the 
notion of. for example, thinking analytically and synthetically such that various 
dm%ing types are employed throughout the design process. This is further 
compounded by the often misguided notion of the existence of well defined problems 
and solutions within design activity. Clearly guiding problems can and must determine 
"macro' issues such as overall direction but on a 'micro' level them will be numerous 
problems and potential resolutions which need to be confronted from the very 
beginning to the %-cry end of any given design task. 
The intensity of concentration that such a process might require emerges from the 
transcripts. It is variously described as both pleasure and pain but it is clear that many 
of the subjects are driven to draw as if it were an essential clement of their creative 
functioning. Sketching for designers appears to facilitate free, spontaneous thinking 
necessary for the encouragement of serendipity or generation of ambiguity. It can be 
turned at will into a precise analytical tool to support examination or evaluation of 
information " including that which was previously generated. As Hill points out: 
-Concepts which have but a vague presence in the mind can be shaped and examined 
through dra%%ing' (Hill 1966). Much developmental thought may require models for 
useful perceptions to be constructed. Sketching has distinct advantages over other 
modelling types, not least for its speed, but also in the flexibility it offers in the hands 
of skilled practitioners. There is some general evidence of a notional division between 
creative work exploiting informal graphic techniques and more formal conventions 
exploited where communication is required but just as designing is iterative rather than 
linear so drawing strategies are compound or multifaceted rather than singular. 
The appreciation of preparatory drawings such as those exploited by artists and 
designers has, traditionally, demonstrated a certain naivete. Drawings have been 
'sewed as an externalisation ofclear inner perceptions, as a means of communicating 
developed thoughts or as a record of an unfathomable and incomprehensible personal 
dialogue. To some extent all of these perceptions have some validity but such pigeon- 
holing acts against a re-evaluation by the wider community. If drawing is to be 
recognised as an important facilitator of certain types of cognitive activity there is a need 
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for mors rescarch to document its particular functions. Ilic subjects of this rtzcarch 
illuminate the value of drawing in coming to terms with ill-dcfncd problems "a 
mquirrm cnt facing an increasing number of professions. 
All of the research subjects appearing in this project collaborated. to a greater or lesser 
extent. with other individuals and groups in their professional work. Drawing would 
appear to make an essential contribution to this collaboration. While natural language in 
the form of written notes or verbal communication is often viewed as necessary to 
design teams the bulk of the communication often takes place via graphic output. 
WVhcre meetings are con cned then body language can also play a vital role in directing 
attention or guiding interpretation. Where these arc not to be available then drawing 
conventions such as those of the British and European standards organisations can be 
exploited to overcome potential ambiguity and misunderstanding. A great many of the 
case studies supported the use of three dimensional models and often supplemented 
their own work with mock-ups. test rigs and prototypes. They ranged from full-size 
and lifelike representations for detailed analysis of highly resolved ideas. to tiny card 
constructions serving only a fleeting purpose. Three dimensional models can provide 
information on a range of expert and user perceptions which would be difficult, if not 
impossible. to acquire from drawings alone. Yet drawings are often overlooked as the 
most versatile modelling medium of all. If modelling is the 'language' of design as 
Bruce Arther stated many )-ears ago then drawing would appear to offer a significant 
case for being viewed as a comprehensive modelling tool: 
The essential language of design is modelling... Just as the vocabulary and syntax 
of natural language or of scientific notation can be conveyed through spoken 
sounds. words on paper. semaphore signals, Morse code or electronic digits, to 
suit convenience, so the vocabulary and syntax of the modelling of ideas in the 
Design area can be conveyed through a variety of media such as drawings, 
diagrams, physical representations. gestures. algorithms - not to mention natural 
language and scientific notation. (Archer 1976) 
Sketching can support mental processes to pm%ide personal and idiosyncratic models 
of even the most ephemeral of concepts while a more controlled drawing may provide 
sufficient information for another person to offer evaluation and/or suggest 
development. A skilled practitioner of drawing can stimulate thought and dialogue by 
creating a two dimensional model of something which does not - and perhaps cannot - 
exist. Drawn models such as this raise the question 'which came first' the expressive, 
visionary capacity or the ability to convey such thought? There is anecdotal evidence 
from the research to suggest that the two develop in parallel through practice. When 
developed it would appear that graphic modelling does support simultaneous synthetical 
and analytical strategies. Subjects talk of producing drawings which can be 'read' on a 
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number of levels. A sketch drawing or, more commonly, a number of elated drawings 
may be produced which encourage variety in interpretation. This may not facilitate 
successful communication but as a provocativc developmental tool it may generate the 
creative tensions necessary to the stimulation of further conceptual activity. Whilst not 
everybody may reach these heights of complex graphic modelling. design education has 
the responsibility to understand and encourage this capacity. 
The problems with such small research samples was raised in Section Two. `nie 
drawings of design subjects selected for intcrvicw in this study do not easily compare. 
They rcptescnt different design professions and different stages of design process. 
7hcy were brought into being in a particular job for use by particular people. A 
comparison of the various graphic outputs arc of little real value in this study and those 
examples which have been selected for inclusion in this report perform a limited 
illustrative function only. Also, creative activity is notonQusly, rivate and confidential 
aad thý ýrc icy not haue been ranted ace s to the most approrýate examples of 
e important data as far as this study is conccmcd are contained in the 
transcripts. The transcripts convey opinion rather than hard evidence but this is seen as 
hawing value nevertheless. The studies reveal a richness which can be both confusing 
and illuminating. 
The pluralism of functionality, evident in design drawings and discussed above, may 
be one of the reasons for a neglect of research into the subject. It is a profound irony 
that while design education expands and design research achieves maturity, those 
seeking illumination of the functions of drawing arc provided with little more than tips 
and tricks of representational drawing. It is the purpose of this programme, and 
particularly this project, to stimulate research into this complex field Researchers from 
many disciplines. but particularly design, need to examine the role of a developed 
"gmphicacy' in the learning process. 'Iahe academic community requires more than the 
'hows' of drawing, it needs communication of the 'whys' of drawing also. 
it would appear that drawing represents an important facilitator to dcsignerly thinking. 
It allows ideas to be given form which in turn facilitates analysis and evaluation. 
Drawing acts as a record of 'unplaced' c=ti%ity which may be put to one side and 
rekrred to at some point in the future. This has the dual advantage of assisting memory 
mechanisms by clearing the mind of potentially confusing and disruptive detail thus 
enabling the manipulation of new or retained information. Evaluative strategies can 
also exploit drawing so as to develop and represent information and which in turn 
, encourages new perceptions. Vhilst drawing activity may at times appear random and 
the output ambiguous it facilitates a fast progressive focusing and the comparison of 
information mich other modelling types. It is indeed a flexible tool. It is a phenomenon 
only vaguely or imperfectly understood by the general population and perhaps only 
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tacitly comprncendcd by the design community itself. It is a sad fact that even before 
the full value of drawing is understood by designers the nature of design practice is 
changing. dramatically and irrevocably. Chapter Four examined these changes which 
concern the cmcrgcncc and establishment of computer supported design teamworking. 
lt is proposed here that drawing is more, rather than less. important as a consequence 
of these developments. Since the research programme focuses on drawing within 
design tcamworking a sub-section concludes the chapter with possible pointers to the 
functions and value of sketching within design teams. 
9.4 Drawing and Tcaniworking 
As discussed above, communication is perhaps the best understood reason for using 
sketches in design activity. Norman McNally goes so far as to say that designers 'have 
a primary duty to communicate their ideas to others - that is %%hy they are working, they 
have to convince others that their particular picture is valid and valuable' (A90). Most 
professional design activity now requires communication between numerous 
specialists. Roy Axe is able to identify a group of some 300 individuals who are 
involved in the initial development of a new motor vehicle at Rover. This is perhaps 
understandable given the technological nature of the product and the huge volume of 
production envisaged for a new car. Ho%%-cver, the movement towards teamworking is 
seen in those areas traditionally viewed as the domain of the individual artist or 
craftsperson. Patrick Ireland, as an independent illustrator, talks of an increase in 
dialogue within the publishing trade which exploits numerous design services. His 
ow-n drawing is used to communicate with clients about concept ideas or developed 
proposals. O'Leary believes that the client increasingly wishes to be let into the process 
of design and consequently he will submit rough sketch sheets along with presentation 
a ork at client meetings. This may reflect economic pressures to reduce development 
time to a minimum where changes can be effected as soon as possible. John Aston at 
the BBC echoes this. He states that it is absolutely essential for a Producer to have a 
very clear understanding of what a designer is going to do for him because of 
limitations on costs, timescale and resources. (A 10) 
Television graphics illustrates as well as most disciplines the extent of tcamworking 
today. Aston requires his design staff to collaborate, both loosely and directly, with 
computer graphics specialists, programmers, animators, and illustrators as well as with 
numerous others in the design sections. Significantly, Aston believes that drawing 
skills are central to successful interaction of such teams. Interaction appears to be a 
dynamic rather than a passive phenomenon which is why sketches may offer a very 
suitable medium. Both the manner of production and the objectives for sketches arising 
out of teamwork can vary enormously. Some may offer a clear, unambiguous proposal 
while others sill represent very ethereal imagery. 'ire ability of sketches to offer loose 
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or undefined models may facilitate multiple interpretations of information which arc a 
distinct advantage in certain phases of creative tcamworking. Pamela i iowarti talks of 
theatre design as a 'shared experience' with actors and directors and her drawing is 
intended to both convey intention and encourage participation: 'if you a part of a 
group acti%ity sometimes your vision can be translated in a number of ways'. (AS4) 
One of the lesser appreciated applications of graphic ability in teamworl ing is that 
ability for individuals to act as a visualiser during team discussions. Dick Powell 
provides the best account of this via reference to client meetings % hcrc product 
concepts were being discussed. He was able to present the team with graphic models 
which matched the discourse of the meeting in terms of content and speed. Such 
models are helpful since they provide points of reference from which shared 
understandings can develop. Shared understandings are essential to the development of 
a clear and workable product design specification on which subsequent research and 
development will be based. The ability to consolidate team thought and to offer 
tangible conceptualisation for group evaluation should not be undervalued in the 
modern management of design. Alan Williams, who at the time of the research was a 
Design Director of a major design consultancy, reinforces the importance of this 
visualising skill. How eveer, he believes that drawing styles have to adapt to the 
situation. "in a discussion this morning we were talking about the interiors of trains and 
I was using the roughest of sketches - typical back of a fag packet type of drawing, but 
it was worth a thousand words'. (A 107) Aston echoes this with his reference to his 
constant doodling while he is in production meetings 'helping the client focus-in'. 
Whether such doodling is evidence of a process of externalising internally clear 
conceptualisations or a means of seeking to male sense of an ill-defined situation is 
unclear but both would add weight to the importance of sketching. 
Often such sparse and economical sketching can give rise to images which appear to 
capture the essence of a discussion - what Seymour terms the `spirit' of a idea (A94). 
Established teams appear to exploit a form of graphic shorthand u°hcru familiarity 
allows partners to adopt a more economic style of sketching. Some of those subjects 
u ho uere involved in design education cited student questions about the idiosyncratic 
(and apparently rather poor) drawing styles of certain famous designers. The 
consensus appeared to be that experience and long-established working relationships 
with others in the development teams enabled those designers to adopt a form of 
gmphic shorthand in their sketch output. Powell and Seymour have their own 
shorthand style when working together and other subjects refer to named designers 
such as the fumiture designer Magistretti (A90) to illustrate this phenomenon. 
By the conclusion of the project it was clear that, for some professions, drawing and 
tcsmworking had a vcry close relationship. It was also clear the the NSEAD project 
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would be better if it has some graphic output to supplement the analysis of the 
transcripts - if only to illustrate the general research context, Consequently the author 
invited two graduates to undertake a three hour design exercise which was recorded on 
video tape. This was edited down to a 30 minute tape of sketching during the 
exploration and development of a small domestic poacr tool (a mastic gun). It 
transpired that this video was to have an important influence an the authors future 
research activities and this is explained in the next chapter. Stills from the video appear 
as Figure 3.3. It was successful for a number of reasons.. number of copies were 
distributed to schools since it provided a real insight into drawing and designing; it 
revealed (by good fortune) a very rich and copious use of sketching in the resolution of 
a design task: and it presented an insight into collaborativ=e working which did not go 
unnoticed. But others were to make the connection with computer based collaborative 
working. That is not to say that computer based working did not form part of the 
NSEAD project. Many subjects readily identified the advantages of computer based 
working to their personal activities and their professions in general but there was some 
concern that new working practices were marginalising the value of sketch activity in 
team designing. 
Axe has overseen the installation of sophisticated facilities for computer based working 
in the design offices of Rover Group. He is adamant that bringing designers and 
engineers together was essential to product development and that this was only 
practicable via procedures based on computer based working. Nevertheless. full size 
models of vehicles are still produced since these offer an important means to facilitate 
discussion within large teams including design and engineering staff and senior 
management (A26). The introduction of computer aided design and computer aided 
manufacture (CAD-CAM) facilities and, more recently, rapid protot ping facilities have 
greatly reduced the size of the workforce needed for traditional modelling - the 
construction of full-size, three dimensional form from two dimensional information 
emerging from the development teams. Computer based working has allowed similar 
efficiencies to be made in the field of architecture. In this profession : dike Fuller 
identifies important advantages for the production and sharing of drawings, and the 
rapid communication with clients about changes to proposals (A45). Computer based 
working has clearly facilitated better communication within and across teams - 
particularly since the widespread development of the Internet which was only in its 
infancy when the NSEAD project was undertaken. Nevertheless, the interface perhaps 
still fails to offer the richness of the BBC paper tablecloth discussed by Aston which 
was full of sketch drawings at the end of each lunchtime (A 17). This notion of 
supporting sketch output within computer supported design teamworking - where 
participants are remotely located from each other - is the central issue in Section 4. 
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9.5 Summary of Findings: The NSEAI) Project 
Skctching provided a fast and cffcctivc means of communication within 
collaborative design wort . Sketches facilitated communication bctw+wccn 
individuals. bctw%ccn design teams and with clients or other outside agents. 
Skctchcs and sketching supported mental imaging and the modelling of ideas in 
the mind. 
Sketching provided a means of cxtcmalising the resuits of cognitive processes 
as conjcctwv, enabling evaluation and dc%-clopment. 
Sketching provided a means of expression. 
Observational drawing can heighten abilities for exploring, understanding, 
remembering and critically judging sisual information. The practice of 
sketching from life can promote an inquisitiveness constructive to design 
ability. 
Sketching was used to assist the formulation or the rephrasing of design 
problems. This can operate in tandem with internalised cognitive processes of 
an individual and/or within wider collaborative teamworking. 
Sketching supported cognitive processes associated %ith creativity. It 
potentially offered graphic ambiguity helpful to the generation of new or hybrid 
concepts. 
Sketches were used by designers to facilitate the transformation of ideas or the 
reinterpretation of existing concepts. 
" Sketching enabled some individuals to rapidly generate visual form 
corresponding to verbal descriptions arising from group discussion. This 
facilitated evaluation and concept de elopment via further verbal contributions. 
Sketches potentially embodied tangible and physical components of a design 
and they could embody emotional or non-verbal qualities. Sketches were able 
to caricature and communicate the 'spirit' of a design concept. 
0 Sketching was %icwcd as rewarding and enjoyable by interviewees. 
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Sketching displayed similarities with natural language in that it was used to 
explore i11-dc%-clopcd notions and to make knowledge and perceptions available 
for introspection. revision and rccoding. 
Sketches were used to confirm the quality of understanding between 
individuals; sketches facilitated discussion on interpretation and they assisted 
the construction of a shared understanding. 
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Section 3 Summary 
The NSEAD project. %ia its focused interview strategy. provided insights to two central 
functions of sketching - the ability to support communication and the ability to support 
pcmonal creative strategies. While communication %ia drawing was widely respected. 
Chapter Eight identified the importance of drawing and sketching in transfornational 
and often internalised processes of creative design, concept exploration and idea 
development. Sketching has been shown to have an important tole in problem-finding 
as , A-01 as problem-resolving. The transcripts have highlighted a capability for sketches 
to support an interaction between communicational and developmental strategies " both 
for individuals and for groups engaged in design activity. 
The transcripts concur with Section 1 of this thesis which proposed that significant 
changes were, and are, taking place in the design professions. These changes include: 
j) the rapid growth of computer based working in a wide variety of design auras. 
ii) the increasing use of teams and teamworking in design; and 
iii) the pressures on some areas of design practice " notably industrial design practice - 
to become more integrated with u ider development processes %ia computer supported 
design tcamworking. 
This ? SEAR project went some way towards illuminating the functions and values of 
sketches and sketching for design practice. It may also prove helpful in attempts to 
improve the value of sketching capability in design education. It pro% ided a framework 
of understanding weithin «hich other research proposals may be generated. 
The ROCOCO project and particularly the subsequent graphic act analysis by the 
author, which is discussed in the next section, have benefited from the NSEAD 
rescurh project. 
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10.1 The Inception or ROCOCO 
In 19SS, at the conclusion of the NSCAD project. the author organised an invitation 
conference at Loughborough University with the title 'Drawing and Designing'. It was 
intended as a means to disseminate the findings of the NSGAD project; to discuss 
dsauing practice; to define a research agenda ºt hich potentially cut across several areas 
of the curriculum and to stimulate further collaborative rc h in the subject. 
Professor Michael Tovcy of Coventry University and Professor Ken Baynes of 
Loughborough University were invited to present other keynote papers. On Saturday 
2S May 19SS approximately 40 delegates comprising researchers., academics and 
practitioners attended the one-day conference. In the audience that day was Dr Steve 
Scrivener from the Department of Computer Studies at Loughborough University (now 
Professor Scrivener. Director of the Colour Imaging Institute at Derby University). Ile 
saw potential in the short video produced by the author and ºº hich formed part of the 
days' presentations. This was the edited video footage of two graduates working 
together to collaboratively resolve an industrial design beef devised by the author (the 
powered mastic gun brief). The object' c of putting two design students together was 
so that, v~ia collaboration, sketching activity might be stimulated and thus a useful 
volume of sketches would be generated over the three hours of the study. The video 
was intended to illuminate some of the functions attributed to drawing and sketching by 
the NSEAD interviewees and it was successful in doing this. However, Dr Scrivener 
saw the potential of recreating the study to illuminate the wider communicational 
requirements of pairs of subjects engaged in collaborative work - particularly design. 
Contemporary studies by ©ly (19SS), and Tang & Leifer (19SS) reveal design activity 
to be a very appropriate context for research into computer supported collaborative 
working (CSCW) and the students within the Department of Design and Technology at 
Loughborough potentially provided relevant subjects for research studies into CSCW. 
A discussion of the appropriateness of design activity for research into CSC''V appears 
in sub-section 10' 
A short hile after the conference the author was invited by Dr Scrivener to discuss a 
proposed major research bid with other academic staff of the Department of Computer 
Studies who were involved with the Computcr"Human Interface research group 
(LUTC u) based in that department. It transpired that a bid was devised and submitted 
to the Science and Engineering Research Council (SERC) for funding from the 
Information Engineering Directorate (lED) and the Department of Trade and Industry 
(DTI). Late in 19SS the team were informed that the bid for funding for research 
equipment and research assistants had been successful. The project was provided with 
funding totalling £190.000 by the DTUSERC between 1958 and 1992 (GRIP 35814). 
It is comprehensively described in earlier publications (Scrivener er al. 1993; Gamer et 
a!, 1991) and it is summarised here. 
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The ROCOCO project at Loughborough University was a rcsca vh project in the field 
of CSCW. Its key aim was to specify the communication rcquirrmcnts of remote 
participants engaged in CSCW. It proposed to do this via studies of pairs of student 
designers. It was a vcry timely proposal as other CSCW studies had only recently 
begun in other research centres around the world (sec üly 1988; Gale 1989; and Tang 
S: Leifer 1988). The title ROCOCO is an acronym derived from Remote 
Communication and CO-operation which formed the central concept of the bid. The 
research proposal had highlighted the need to understand and articulate current 
mquimmcnts in communication-rich, design tcamworking situations if computer based 
systems for the support of collaborative work were ever to be successfully developed. 
it was proposed that laboratory studies would be undertaken to examine and compare 
collaborative design work in a traditional face-to-faccc setting with that in a less familiar 
setting involving participants located remotely from each other but linked by computer 
based communication technology. The ROCOCO project proposed to use industrial 
design as the research context and to use pairs of student designers as subjects. While. 
in principle. the studies could have used larger teams the pilot studies had shown that 
pairs exhibited all the characteristics of collaborative tcamworidng. The use of pairs of 
subjects also had advantages for the management of the studies. the recording of 
contributions and the analysis of data. 
The ROCOCO project was multi-disciplinary v ith four members of acadcmic staff - 
three from the Department of Computer Studies (Dr John Connolly and Tony Clarke in 
addition to Dr Scrivener) and one (the author) from the Department of Design and 
Technology at Loughborough University. These provided the expertise in computer 
science. human science and design necessary for the research. Additionally. Andre 
Schappo provided technical support. The ROCOCO project generated a large volume 
of data requiring a huge effort of analysis on behalf of the researchers and the three 
research assistants - ifiilary Palmen, Michael Smyth and Shaun Clark. Typically one 
hour of video material could lead to 60 pcrson/hours of analysis by staff. 
A key distinguishing characteristic of the CSCW =na is its acknowledgement of the 
predominantly social nature of work acti%ities. ROCOCO had a broad remit. partly 
due to the nature of collaborative work and partly arising as a consequence of the 
breadth of the research team. The project sought to investigate issues which arc not 
past of this PhD programme such as the intnuireness of technology; the wider effects 
of remoteness; the existence of preferences for certain modes of communication and the 
effects of impoverishing channels of communication. For the purpose of this thesis. 
the presentation of the original ROCOCO findings is limited. There is some description 
of the conduct of the ROCOCO research and a little on the findings where these relate 
sketching and the use of sketching in designing. While the original data and most of 
the publications date from the early 1990s much of Section 4 is based on more recent 
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personal analysis arising from a `revisiting' of the original project data in 1997. To 
mid confusion this revisiting process is rfcrnd to as the Analysis of Graphic Acts 
(AGAR) project. All the findings of the AGA project arc the sole work of the author. 
\Vhcze research findings are not the sole work of the author this is declared. 
the ROCOCO project defined a study, in two conditions, to examine the 
communicational requirrmcnts of subjects collaborating on a design task. The first 
condition. refcrred to by project members as 'Phase One' of the project focused on the 
qualities of face to face communication between pairs of student industrial designers. 
This proximal condition sought to provide a working environment which was 
acceptable and in many ways a familiar one to those with cxpcsicncc of creative 
professions such as design. Pairs of students shared a large flat-topped table and also 
shared a range of writing and drawing equipment including pens. pencils. markers and 
a large (Al size) pad of plain paper as they worked on a design brief provided by the 
researchers. They could talk, gesture and draw with the minimum intrusion of 
technology and in this way Phase One provided benchmark findings for comparison 
with the second phase. In this second condition, known as Phase Two, each study 
consisted once again of a pair of student industrial designers who this time were located 
in separate rooms of a specially prepared research suite in the Department of Design and 
Technology at Loughborough University. Subjects were pro%idcd with links to each 
other via headset telephones. video link and a computer-mediated drawing surface. The 
AGA project retains this distinction between Phase One and Phase Two. 
In 1958 very little software was available to enable remote sharing of a computer. 
mediated drawing surface. Shaun Clark. Research Assistant to the project, was 
responsible for producing a unique facility which came to be called ROCOCO 
Sietchpad. This allowed two remotely located individuals to sketch and write. via 
styli and tablets, onto a shared window seen simultaneously on the computer monitors 
of each participant. Both designers drew on the shared surface, which existed in the 
computer as one common file, accessible to both subjects at the same time. Changes to 
the shared drawings took place in real time. Each pair were provided %%ith an industrial 
deign brief which stipulated the problem field for the study and subjects were asked to 
resolve the problem as best they could in the given time. Fach study in Phase One and 
Phase Two lasted for one hour. This duration was determined by the research team. 
Partly, it was restricted for practical reasons (as already stated, even one hour of video 
material could involve up to 60 person/hours of analyses) and the pilot study of 
proximal collaboration had shown that it was quite possible for two student designers 
to offer concept proposals to a design brief in one hour whilst maintaining what 
appeared to be 'normal' communication. Also, other CSCW researchers had 
successfully used similar time restrictions in their work, 
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Both Phase One and Ph= Two of the ROCOCO project used %vluniccr student 
subjects drawn from the DA and HSc Design and Technology courses at 
Loughborough University. All subjects u-cm second year undergraduates and most 
were between 19 and 21 years of age at the time of the studies. Most subjects had 
some familiarity with computer based working as indi%-iduals but none had cxpcncncc 
of CSCW or other tcicconfcrcncing-t}-pc environments. 
In the ROCOCO project Phase Two was much tamer than Phase One because it sought 
to examine the nature of communication and collaboration achieved with different 
permutations of communication tools. That is. five studies were undcnakcn with all 
communication tools switched on Call on'): five with no audio link ('video only): five 
with no video link Cspeech only') and five with no audio or video link Cdrawing 
surface only'. In this way considerable data mere generated regarding the relative use 
of channels of communication during team design work. Studies in both Phase One 
and Phase Two were recorded on video tape to facilitate study and this has proved the 
most useful to revisit for the purposes of the subsequent analysis of graphic activity and 
graphic acts. Studies in both phases produced considerable discourse and this was 
recorded and transcribed. The drawing pages from Phase One exist as hard copy but 
those from Phase Two were retained as computer riles. Elapsed time within the one 
hour studies was used as a common refcrcnce point for the various analyses. 
10.2 Design as a Context for CSCW Research 
Any meaningful research in the field of CSCWV requires tasks hick are rich in 
communication. Tasks which require the exploitation of many modes of 
communication are likely to provide suitable environments for CSC\V studies. Design 
activity can vary enormously. but central to it is the identification. manipulation and 
communication of concepts by participants. Communication within design activity has 
been traditionally associated with three-dimensional models, graphic representations, 
asj written reports. However anyone with experience of designing with a colleague or 
within a team will be aware of the importance and subtlety of gestural and spoken 
communication From early pilot studies of CSCW in the ROCOCO project (and even 
earlier if one considers the video pr sentation shown by the author at the NSEAD 
conference). the field of design - and more particularly 'industrial design', seemed to 
offer the required communication-rich environment. 
Design has been termed a problem"sol%ing activity but, as discussed in Chapter Three, 
it is more correctly a problem 'resolving' activity. That is to say, compromise must be 
sought between often conflicting requirements such as costs. production requirements, 
material limitations. legislation and human factors, etc. Cognitive modelling forms the 
means by which problems arge resolved, implementing graphic and other modelling 
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tools and operating in parallel with communication strategies such as gesturing and 
talking as well as drawing and constructing. Collaboration. together with 
communication in design teams, creates shared models which ha%v dcvclopcd as a 
result of joint activity. These shared models - particularly shared sketches - provide 
one of the topics for discussion in this Section. 
10.3 The Appropriateness of Industrial Design for the 
ROCOCO Project 
For CSCIV research to be of value it requires a context and task of adequate complexity 
and reality. The task also needs to require real collaboration as opposed to tncivly 
putting people together to work as a group of individuals. Industrial design activity is 
becoming increasingly complex involving, amongst other things. materials. costs, 
production and human factors. As Chapter pour has discussed, industrial design 
increasingly requires trams of specialists to come together as a consequence of the 
demands for speed. breadth of knowledge and reduced financial wastage which have 
become part of most programmes of new product development in manufacturing 
industry. Design teams frequently adopt collaborative behaviour in order to create and 
evaluate possible resolutions to an emerging task or brief. Industrial design has the 
additional quality of requiring designers to work with three-dimensional concepts rather 
than just the two dimensions of, say, graphic design. 
The researchers were guided by a number of other factors in their decision to use 
industrial design as the context for the studies. Collaboration is context-dependent, and 
contemporary work (e. g. Smyth and Clarke 1990) suggests that the identification of a 
creative problem (rc)sol%ing task is a necessary precondition for collaboration. The 
requirements for research into collaborative behaviour and the attributes of design 
activity are well matched. They were summarised in the ROCOCO final project report 
thus: 
i. Communication 
It is to be expected that them arc dif ernes in the communication of collaborating 
and non collaborating partners. Also. CSCWV research requires a communication- 
rich context. As a result of the complexity of their tasks, designers exploit 
various modes of communication in collaborative designing which may involve 
contact with numerous specialists. Such communication is very'rich', involving 
graphic, verbal and non-verbal modes, and often exploits two or more modes 
simultaneously. 
ii. Common Goal 
Research demands that p rticipanu have a common goal. Designers work to a 
given brief and this can range from a highly specified instnicüon to an ill-defined 
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requirement. With any brief the design process involh°cs a period of problem 
definition and where two or more designers arc involved this will involve the 
negotiation and definition of a common goal. In the field of industrial design the 
common goal (regarding the product) is established as a specification. 
iii. Rewards 
Motivation is a prcrrquisitc to design activity. Without the necessary rrwanis a 
single designer. pair or team can lack the motivation to undertake the process of 
problem resolution. Rewards can vary enormously, for example, the pleasure of 
undertaking a task co-opcrativcly may be reward in itself. This may be funhcr 
subdivided into pleasure derived from drawing or from the discourse. For 
others, praise. promotion or remuneration may be required. The motivation for 
industrial designers is commonly a combination of many m wards. 
iv. Distnbutcd Responses 
Onc of the charxtcrisucs of collaboration is the existence of distributed 
responses, that is, the division of activities or responses between partners 
working on a shared task-. There is some evidence to suggest that those industrial 
designers working in pairs do derive a system for distributing responses in each 
of the Sophic, verbal and non verbal modes of communication. 
v. Behaviour Norms 
Norms are socially shared standards or guidelines of bchaviour. Dcha%iour 
norms can be culturally specific andlor specific to the task. For industrial 
designers a behaviour norm might be attcntivcncss to the task: non attentiveness 
to the drawing surface or a partners comments constituting an infringement to an 
accepted convention or behaviour norm. Difficulties can arise where different 
conventions we in operation, for example where partners comic from different 
cultures. 
fvi. Autonomous participants 
Collaboration requires that each partner be autonomous, that is. they can control 
their contribution to the activity. For industrial designers they would each have 
their own means of writing and sketching although the drawing surface is 
commonly shared. Partners need to be free to contribute to and share drawings 
but. conversely, they must also be Tice to draw elsewhere on any shared surface 
if this is desire!. Verbal communication can take place at any time but as with 
graphic communication this µill require co-ordination. 
vii. Co-ordination 
Co-ordination is n feature of most forms of communication and requires cues to 
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synchronise activities. These cues can be mechanical (e. g. an alxrnn clock) or 
social. Co-ordination can be task or time related. Successful resolution of a 
gi%cn problem in the time allowed rcquir c industrial designers to synchronise 
their activities. In sonic instances this is explicitly stated, for example. how long 
they will spend on an analysis of the brief. %hilc at other times the more 
immediate social cues act to synchronise activities. 
viii. Timing 
Timing is pertinent to both the coordination of activities and the progression of 
the design activity. Relevant aspects include the time between responses (i. e. the 
latency of the collaborative response and the time required for the response. 
Therefore collaborative working by designers can be affected by such things as 
exceptionally long (or brief) responses. Time provides a useful and consistent 
baseline and is therefore used for this purpose in the analysis. 
(ROCOCO Project Final Report 1992) 
10.4 The Design Tasks 
The set tasks were intended to be achievable and yet demanding on the abilities of each 
subject pairing. A number of design briefs had been written for the project. each about 
half of one A4 page in length (sec Appendix It). These were developments of 
industrial design tasks which had been used with other student designers in earlier 
ye am They had been proven to offer rigorous but manageable tasks with potentially 
C= five output. In the course of each study each subject pair completed one design 
task. In Phase One three briefs were used and each one appeared twice. The briefs 
required a concept design for one of the follow ing: a personal digital thermometer 
(brief A): a portable barbecue (brief B) and a new battery operated product for the 
Dur=ll company (brief Q. In Phase Two four different briefs were used in case 
subjects had discussed tasks with colleagues «ho had taken part in the Phase One 
studies. The Phase Two briefs were: a children' coin collecting box which 
encouraged children to save with a building society (brief D) which appeared twice; a 
flask for keeping drink and soups hot and aimed at the school lunch market (brief E); 
an improved ironing board (brief F) and a garden product intended to collect fallen 
leaves from paths and lawns (brief G). 
The briefs were devised to resemble, as far as possible. 'real' or commercial industrial 
dcsign tasks in as much as they were focused on particular product contexts but also 
they were partly open-ended. ill-defined and demanding. Each brief required 
discussion and negotiation within each pair but all briefs were devised to be of an equal 
level of difficulty. Of course, differing interests and experiences within each pair meant 
that it was possible that a particular brief might suit one person's knowledge or interests 
, Srction 
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but the rcscarch assistants had no means of knowing of any particular cxpcnisc prior to 
the experiments. A number of briefs were devised and given out in a set order so that 
students had no means of forewarning later participants of the subject of their design 
task. The task selection requirements which governed the design of the briefs were: 
that completion of the task should not rcquirc any specialist knowledge beyond 
that which might be reasonably cxpcctcd of such students 
that there was no requirement to move from the tcscarth laboratory during the 
study (e. g. to build any prototype or test rig, or to engage in further research) 
that each task should be, as far as possible. of equal difficulty. Ultimately this 
was a matter of judgement on the pan of the ncscarch team. 
While the overall aim of the ROCOCO project was to specify the communication 
requirements for computer supported collaborative working when pairs are remotely 
loud the AGA project clearly and deliberately focuses on sketching. Chapter Eleven 
examines sketching via studies of subjects working proximally, that is, face-to"facc as 
they attempt to collaboratively resolve their design brief. It provides the first substantial 
presentation of research undertaken as part of the revisiting process and forms Phase 
one of the A GA project. Chapter Twelve presents Phase Two of the AGA project. It 
reexamines the remote studies of the ROCOCO project and again focuses on sketching 
and the exploitation of graphic strategies %%hen subject pairs are located remotely from 
each other and who rely on computer technology to mediate their communication. Both 
chapters refer to graphic act analysis as a means of comparing the production and 
exploitation of sketching between the two conditions. 
10.5 Quality Assessment of Design Output 
1t was anticipated that findings concerning the use of sketching in proximal and remote 
collaboration would be weaker without some measure of the quality of the design work 
produced by each pairing in Phase One and Phase Two. For example, findings 
concerning less sketches being made or more use being made of particular types of 
graphic output would be of greater use if one were able to identify whether they 
resulted in a highly or poorly regarded resolution to the set brief. This was never 
successfully addressed in the original ROCOCO project and so as pan of the revisiting 
of the date in 1997 the output of each pairing was evaluated to provide a score for 
design quality. A design quality assessment sheet was produced (a copy appears in 
Appendix Vi). This identified six areas of assessment and required that each was 
Waded from poor to excellent. Each grading was convened to a numerical value and 
the sum of all six values produced a single quality rating as a percentage. 
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The six arras of assessment wrcrc: 
1. Lcrcl of communication. (flow easy is it to understand the proposal from the 
design pages! ). 
L c%-cl of 'finish' apparent in the proposal (details of overall form. matcrials, 
constriction, assembly etc). 
3. Level of match bctu-cfn the rrquircmcnt as described in the design bficf and die 
proposal as seen in the design pages. 
4. Lcvcl of plausibility and/or practicality in the proposal. 
5. Lcr-cl of in cnti%-cncss. creativity and/or innovation in the proposal. 
6. Appropriateness of the proposal for the subjects age, education and expcricncc. 
'The scones for each pairing are presented later (in Tables 3 and S) together with the 
mean score and standard deviation for each condition. A discussion of the outcome of 
this design quality assessment process is provided in Chapter Eleven. 
10.6 The Structure of the Presentation 
1 two phases which comprise this project are analysed separately. Chapter Eleven 
presents Phase One, the studies of proximal working, and introduces aspects of the 
original ROCOCO research work as well as prodding dcWl of the more recent AGAR 
project undertaken with ROCOCO data. Chapter Twelve presents Phase To and 
similarly make reference to both ROCOCO and AGA research acti%-ities and findings. 
A comparison of the two phases is presented as Chapter Thirteen and this concludes 
with a summary of the main findings. 
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11.1 Introduction to Phase One 
Aim of Phase One of the ROCOCO project 
To establish the communicational rtquir mcnts of pairs of Design and 
Technology students when rcquircd to work collaboratively and proximally 
(facc"to-face) on a given industnal design brief using traditional media (pens 
and paper) in a one hour study. 
Aim of Phase One of the AGA project 
To revisit the data gcncratcd by Phase One of the ROCOCO ptojcct; to 
investigate. via relevant research tools, the use of sketching by pairs of design 
subjects collaborating face"to-face and to identify characteristics of sketching in 
such designing which can be productively used for companson with sketching 
activity associated with remote. collaborative designing. 
Phase One of the ROCOCO project consisted of six one-hour studies each employing 
two undergraduate design students at approximately the mid point of their second year 
of the Design and Technology DA. IBSc degree courses at Loughborough University. 
Participants were asked to turn up at the research lab with a colleague of the same 
gender. At the time only 10rß of the student population in Design and Technology at 
Loughborough was female and this ratio is seen in the pairings " only one pairing (that 
in Study 1) was female. All subjects were assumed to have similar design experience. 
The subjects obviously knew each other and may or may not have worked together 
before. The studies took place in a purpose built research laboratory within the subjects 
normal building on the University campus. At the conclusion of each study one of the 
ROCOCO research assistants asked participants to complete a short questionnaire 
concerning their perceptions of their performance. Unfortunately, these data were not 
available during the revisiting process. 
The subject pairs were seated face-to-fes across a flat-topped table measuring . 75m x 
1.5m. Potentially, subjects could have been seated side-by-side but concern was 
expressed by researchers that such an arrangement might prohibit one partner from 
teaching, or even seeing, the drawing space of the other and thus adversely affecting 
the collaboration. Comments by participants in earlier trials indicated that they found 
little difficulty with the face-to-face arrangement and the resulting orientation of the 
output. Whilst reading a partners' text. such as annotation. upside down may have 
been awkward (perhaps requiring a verbal question and answer). reading the upside 
down drawings. µ hich made up the majority of the output, apparently caused little 
difficulty. The face-to-facc arrangement had advantages in that it made the whole 
dra%ing surface accessible to both partners and it assisted data collection in that the two 
video cameras were not obscured by the bodies of participants. 
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Fig 4.1 Simplified plan of the laburawry for Flaw One expcnmcntu . hewing subjccu. cameras (C) 
aal r edm (VCR). 
In Phase One subjects were provided mich a pad of Al papcr placed between them on 
the table and they supplied their own pens, rules, curves etc. A video record of each 
study was made using one camera to one side of the subject pairs, and focused onto the 
drawing surface providing detail of the emerging gmphic images and annotations along 
with the hand and lower arm movements of each pair, and a second camera giving a 
wider view of the «hole scene but from the other side. This recorded the upper bodies 
of both subjects together with the drawing pad between them (see Figure 4.1). Figures 
d. 2. and 4.3 show images taken from two of the video records and provide a clearer 
illustration of the set up. An audio cassette tape recording of the discourse was 
produced as a back-up to the audio channel on the video recording. 
Each subject pair were given, vcrba1ly, a standardised set of instructions by ROCOCO 
project staff. They %%-ere informed, that they would be working to a design brief 
supplied by the researchers and were instructed not to cruse any writing or drawings so 
that all work could be analysed. Neither subject was allowed to use a private drawing 
pad, hence all mark-making took place on the shared paper. The subjects were made 
aware that audio and video recordings would be made. After 45 minutes of working on 
the task the subjects were given a ten minute wanting. After 55 minutes they were 
asked to finish off. Studies lasted between 55 and 5S minutes although these are 
rrfened to in the analysis, for convenience, as studies of one hour. The participants 
agreed to the project storing and manipulating the collected data in an electronic fornnat. 
the six studies in Phase One were carried out sequentially. 
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Fig 4.2 Images taken from the video records of one of the Phase One studies of the ROCOCO project 
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The set tasks appeared to pose little difficulty to the six subject pairs. The questionnaire 
used at the end of each study rc%-cafcd that subjects understood the task required of 
them and found the procedure straightforward. All the subjects had, to a greater or 
lesser cxtcnt, some cxpcricncc of working in pairs and larger groups. I Iatiing watched 
some of the studies live and closely scrutinised them all on i idco one is left with the 
impression that the subjects were comfortable with the process. The questionnaire 
responses confirmed this. After a very short initial period. during %%hich they were 
perhaps conscious of the recording equipment. the subject pairs chatted easily - even 
laughing - as they worked together. It closely resembled design situations seen in 
industry and education, away from laboratory studies, where designers or students 
work together on a design task. The ROCOCO project set-up in Phase One. including 
drawing on a shared dra%ing pad and talking together, appeared to be easy and familiar 
for the participants. 
Each of the pairs generated between two and four Al size sheets of sketching and 
writing (an example of one page is given in Figure 4.4 and copies of the total Phase 
One output appear in Appendix III). No pair was permitted to construct any three 
dimensional output during the one hour experiment although they frequently used 
gestures to mime the holding or using of products under consideration. The shccu 
contain the output of both partners ranging from the most fleeting single mark to 
detailed sketches and writing. Some text appears as annotation to a sketch while other 
text appeared as a discrete element such as a list or mathematical notation. Some 
images were line sketches (using a fine"linc or ball point pen), others had colour 
applied - invariably via marker pens which werk commonly exploited by the subjects in 
their normal courscwork. 
or the purpose of the AGA project a drawing (as a noun) refers to a discrete and 
identifiable gophic output which might have pictorial (sketch) or written elements or 
both. The act of drmwing (as a verb) here refers to making pictorial images (sketching) 
and/or writing. The paper based records of drawing activity arc referred to as pages or 
drawing sheds. Together with the video and audio records they provide the data for 
analysis. Photo reductions of each dra%ving sheet resulting from the experiments are 
appended to this report for information (sec Appendix [11) but they do not necessarily 
need to be viewed with the analysis. 
Ihc analysis in this chapter makes reference to sc%-cral figures, which present 
graphically some of the data from the studies, together with tables of data. The 
following sub-section provides a broad-brush description of the data which emerged 
from Phase One and is followed in subsequent sub"scctions by a closer scrutiny of 
particular findings. The detailed statistical analysis was undertaken with the computer 
bard statistical program SPSS (SPSS for Windows, v. 8,22.12.97). 
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I 1.2 Drawings and Sketches 
The use of the terms drans"ing, skctrh and skriching have ken explained above. To 
assist the analysis, each separate drawing in each study was idcnti(icd by giving it a 
code number. This was not as difficult as it might seem. While there was some 
o%rtlap between images, necessitating the marking of a ring around ccttain drawings in 
order to distinguish one from another, each drawing was largely discrete and 
identifiable. The first information obtained was the number of separate drawings 
produced in each experiment and this is shown in Table 1. 
Dncf Pare 
1 
Pais 
2 
Lage 
3 
Page 
4 
Taal No of 
tkauings 
Study 1 A 40 40 s 8s 
Study 2 B :3 14 53 
Study 3 A 59 29 88 
study 4 C 23 38 6t 
Study 3 B 16 2: 8 7 53 
Study 6 C 29 33 62 
Combined Tauf 402 
Table 1. Quantity of *drawings' (disaru %nucn or pictoiü elcrncnt) pmduccd on each puce plus 
sctsl 'drsx-ing' production for euch of the six uud&es in Muse One. 
The briefs referred to as A, B. and C in Table 1 can be found in Appendix II. In Phase 
One a total of 402 drawings were produced giving an mean of 67 drawings per study 
(SD 14.2). Studies I and 3 produced the most drawings in total (85 and 88 
respectively). Interestingly, both worked to brief A. the digital thermometer (Study I 
used the only female pairing). Study 3 produced the highest number of drawings on 
any one page (the first page) with 59. However, Study 2 reveals only four drawings 
on their first page with the majority of their output on their second page. Three studies 
worked on only two pages. Only Studies 2 and 5 felt it necessary to work on four 
pages and both of these worked to brief B. the portable barbecue. 
Section 4 Chapter 11 The 1%GA Project: Studies of Facc"to"Face Sketching 140 
11.3 Graphic Acts 
i1a%ing given each drawing its own identifying number it was possible. by using the 
%ldco recordings. to chart the history and development of each and every drawing by 
documenting the individual contributions which make up each drawing. 't'hese 
contributions have been termed Graphic Acts by the author and ate based on 'Drawing 
Acts' which were defined by the ROCOCO project (sec Scrivener & Palmen 1991). 
Some drawings consisted of only one Graphic Act. Others consisted of several 
Graphic Acts over a period of time " often by both partners. Defining a Graphic Act 
was not straightforward. Indeed, one of the important functions of the NSEAD project 
presented in Section 3 was that it illuminated the complexity of drawing behaviour. its 
variety of exploitation and the difficulty of categorisation. If one watches someone 
sketching it is clear that the activity is made up from a sequence of active and reflective 
processes involving mark"making and evaluation. The difficulty with defining Graphic 
Acts concerned the level of detail required. If every occurrence of mark-making was 
recorded then one achieves a %-cry fine level of detail but at the expense of a very time- 
consuming process. If, on the other hand, one recorded long sequences of activity as a 
single Graphic Act then one achieves a low level of detail, perhaps saving time and 
effort, but potentially losing much of the richness of drawing. For this analysis, 
Graphic Acts were defined as 'continuous sketching or writing activity where pauses, 
interruptions etc.. are less than one secgnd in duration'. '[leis definition allowed a 
subject to take their pen or pencil off the paper and then continue as part of the same 
train of thought. Any hesitation, pause or interrupt causing a break in graphic activity 
for more than one second was deemed to mark the end of that particular Graphic Act 
and a new one began when the individual next started drawing. Theta was no clear 
break point at one second but to have established an interrupt interval of many seconds 
would have meant the merging of Graphic Acts which potentially had different 
functions. plus a lower count of Graphic Acts for each study. Scrivener & Palmen 
(1991) exploit one second interrupts in their analysis of 'Drawing Acts' and this seems 
to provide an appropriate level of detail. 
'Tlu analysis consisted of watching the video record of each cxpcriment twice; the first 
time to record the Graphic Acts of one of the subjects and then a second time to record 
the Graphic Acts of their partner. This data collection process gave rise to the 
infon; nation presented in the bar chart shown as Figure 4.5. 
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ertical bars aho%e and helo'º this honzontal axis refer to the total number of Graphic 
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h\ Suhtect A in each stud\ and suhiect B in each stud% i identified 
s, mpiý b\ the chair in %%hich they sit) The %ertical axis presents the scale for the 
number of Graphic Acts. The most sinking feature about Figure 45 is the brr-sad 
stmtlant\ in the production of Graphic . -cis iG. Nsº hs the si Pain Studs I produced 
the most GAs utth 279 bct\%ccn them and Studs 2 produced the least %%ith 187 GAs 
bctwcen them. There is a noticeable ssmmetrý in some of the output. The mean GA 
output per subject is 110. The data allow a more detailed pn' css of Graphic Act 
anal%sis and this i' presented in : he next sub-section. 
11.4 Sketch Graphic . 1rt" and 
«ritten (; r: iphir w% 
1i1 mcLj1. itci\ A, %wu at the t'UtsCt k, t l analý, I' fil. it ii c Ilns. pages which 
emerged from each study consist of ts%o t. pes of graphic output and the analysis of the 
otdto e%tdcncc confirmed the production of tsso tspcs of Graphic Act. One type 
consists of acts of freehand sketching - rrsulting in dra%%inks depicting clcsations. 
sections through farms, perspcctt%c %fc%%s etc A second tspe resulted in -.. % nting or 
not3L1on such as annotation to sketches. separate lists of \%ordss or mathematical 
cakulatfon. There as a clear imbalance in fawur of the former type but nc%cnhclc. s it 
as impmant to distinguish hctvvecn the tWO tspcs - if orals Aº that the latter type did 
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Fig 46 Bar chart showing the pccvluctioxt and : mpc»ition of Graphic Acts arcing from the il% 
nadics in Phase One 1 «Titten Graphic A. ta and Sketch Graphic .I 
The mean output of WW-CAs %% as _'3. i and these accounted 
for onlº 2'9- of all GA 
actiºit%. Once again there is much similant% hetººcen the six studies. Stud% I and 
Studs 6 seem to shoºº a high proportion of WW'GAs b% one partner -perhaps as a result 
of an extended process of ºº-nting. listing or numcncal v orking - and this is cxplorcd 
later 
information conccming the sum total of SGA% and «VGas is less important than 
find ngs conceming the exploitation eil these drassing types during design actsitý 
Thus a time element ssas introduced to the data capture. This %k as exploited h% the 
ROCOCO preºýlect and %% as rrpcated hý the author as pan at the suhscqucnt revisiting in 
199- Bý counting the production of SGAs and WGAs in 5 mrnutc time hands ncµ 
data wcrr generated concerning the use of graphic acts user the one hour of each studs 
This as facilitated h% a small time clock running unohtrustscl% in the bottom comer of 
each s ideo recording. Thus the anale sis cut each of the sit studies consisted of 
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1. numhcring the drawings on cacti sheet. The system used Save each 
drawing an identity number specifying the sheet and its individual drawing number. 
Thus drawing 3.16 rcfcrrcd to drawing number 16 on sheet number 3. This numbering 
made no attempt to convey the order in which the drawings were made. 
H. capturing the WW'GAISGA data. Each video was played through twice - once 
to identify the WGAs and SGAs of Subject A and then again to identify those of their 
partner. It was attempted to identify both in one viewing but it proved impossible ahcn 
simultaneous Graphic Acts were produced. During this data capture process, copies of 
the original Al size drawing sheets (ith drawings numbered) wwwcrc placed next to the 
video monitor so that each \VGA and SGA seen on the video could be attributed to a 
particular drawing number. The data capture sheets were printed with time bands 
already established and it was relatively simple to enter the information about the 
gyaphic activity as it took place on the video - moving to a new time band every S 
minutes. A shorthand style gras quickly established and this involved putting a circle 
round the drawing number if it was a SGA and nothing if it was a WGA. Copies of 
some of the data capture sheets arge appended to illustrate this (see Appendix IV). \Vhilc 
they may look messy they fulfilled their function and contain a diverse range of 
information. 
Ill. Presentation. The occurrences of WGAs and SGAs were counted for each time 
band and displayed as a bar chart for each study. The six bar charts for Phase One are 
presented in Appcndit V. Figure 4.7 presents all six charts on one page for the 
purposes of comparison. Whilst it was always intended that sketching activity, as 
presented via SGA output, would be the focus of the research, some of the interesting 
observations concern SVGA production and the relationship between SGA and «'GA 
output between subject pairs, between studies, and between conditions. 
In all but one study, the production of GAs pcr S minute time band fined within the 
chosen scale on the figure which had a maximum value of 18. The exception to this 
was Study 6 which peaked at 22 SGAs in the tenth time band (45"S0 minutes). One 
must be cautious in drawing conclusions about such Graphic Act production which 
perhaps only differed by three or four acts. They can appear significant on a bar chant 
but in mality amount only to a few additional or a few less drawings by one or both 
partners. With this in mind, the following subsection presents a closer examination of 
Sketch Graphic Acts and Written Graphic Acts. 
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11.5 Describing the Graphic Act Data 
As noted earlier. production of SGAs was much higher than that of WG, s. Out of a 
total number of 1321 GAs 73% %%crc SGAs and this. it is proposed, supports the 
suitability of the set tasks for examining the exploitation of skctchcs and sketching 
within design activity. While WGAs comprised just over a quancr of all GAs, their 
distribution % vas not evenly spread over the one hour pcnods. 't'here was a clear 
emphasis on the production of WGAs at the beginning of the studies and a less clear 
emphasis on the production of \VGAs towards the end of studies. 
Studies 1.21, d and 5. each displayed a significant production of WGAs by one or both 
partners in the first 3 time bands (15 minutes) which then ceased (apart from some 
tingle occurrences) until the final IS minutes when SVGA activity rctumed. This rrtum 
u-as most notably seen in studies I and 2. Studies 3 and 6 offer a some hat different 
profile with production of \VGAs throughout each experiment. In Study 6 there was a 
very high production of \ 'GAs by subject B. This study asked subjects to devise a 
new product for the Duracell company in order to utilise the batteries for which they are 
known. 
The comparative levels of \VGA output by partners within studies is worth comment. 
A significant imbalance was most dramatically seen in Study 6 but to a lesser extent this 
phenomenon was seen in other studies. Studies 1 and 2r vealed a clear demarcation as 
one partner produced the WGAs (during the first 15 minutes) while the other produced 
little or no \VGA output - even % here the discourse was even in output. Interestingly, 
in both these studies the partners finished the study by sharing the output of «'GAs in 
the final 15 minutes. This 'mirroring' of output, where the production of GAs in a 
given time band was of a similar volume for each partner, may be an important features 
of designing in pairs but it was more common in SGA output than WGA output. 
Sketching activity, identified via occurrences of SGAs, dominated the output. This 
w-as a reasonable expectation given the nature of the brief and the field from which the 
resc=h subjects were chosen. As undergraduates. one presumes they had been 
3=pted for a place on a design degree course as a result of their creative and technical 
skills. Their coursework would have provided experiences of problem analysis and 
idea generation although they would not have had to work under the experimental 
conditions imposed by ROCOCO. 
Figure 4.7 meals an exploitation of sketching by all partners in all six studies. 
Sketching activity took place from the very beginning of experiments (as soon as the 
brief was read in some cases) and was continued until the end (up the point when pairs 
%%-=asked to stop in some cases). Ilowrcvcr, the output varied within studies and 
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between studies. In Studies 1.2.4 and Sa distinctive profile seemed to emerge. This 
appeared similar in shape to a Gaussian distribution curve reeling a low level of 
SGAs at the outset. rising to a peak midway through a study and then tailing off 
towards the cnd. While each pair did not produce exactly the same profile there were 
some similarities. Also, a certain level of mirroring bet%%tcn partners was discerned as 
it was with the WGA actMty. Study 4 perhaps best revealed this mirroring with each 
partner producing broadly similar levels of SGA acti%ity - rising and failing together 
over the hour to produce very similar SGA profiles. Even the WGA profiles werk 
similar in Study 4. Closer scrutiny of Study 4 revealed that output by each partner was 
closely matched in individual time bands. Between 30 and 35 minutes the production 
of SGAs dipped to 10 acts each and then rose to 12 each between 35 and 40 minutes. 
This mirroring was repeated to some extent in the subsequent two time bands (40-43 
minutes and 45.50 minutes). 
As with the analysis of the WGAs Study 3 and Study 6 once again stood out from the 
other four studies. Study 6 was unusual for its low level of sketching activity for the 
first 30 minutes of the study. Production of SGAs for Subject A was about one quarter 
of the level seen in Studies 1,2,4, and 5 while Subject B produced only one SGA in 
the first 30 minutes! Hower er both partners attempted to make up for this after this 
point i ith Subject B producing 77% of his SGAs in the final 20 minutes of the task. 
peaking with 22 SGAs between 45 and 50 minutes which was the highest output of any 
subject in the Phase One studies. Study 3 also displayed profiles which differ from 
Studies 1,2.4 and 5. Subject B produced an erratic profile as a result of varying levels 
of SGA output. Subject A produced a distinctly flatter profile as a result of a broadly 
constant output of SGAs during the hour. 
The following sub-section cxplon s the application of wnUen graphic activity and 
sketch gmphic acti%ity in the construction of slw cd strtches. 
11.6 Shared Sketches 
Within these studies of pairs of student designers, sketches consisted of single or 
multiple SGAs. Where they consisted of a single SGA by one partner they were often 
small and rapid visualisations of a basic characteristic such as a crude outline shape of 
an object or a representation of the size of a hole. They may have taken a very short 
time to produce, for example, under one second or, altcmatively, they consisted of one 
long act, many seconds in duration. Sketches also emerged from a series of sequential 
SGMs (occasionally including WGAs) between which there were pauses in the 
sketching activity for discussion or contemplation. A further distinction of this type 
would be those sketches which were 'revisited' by the draww er, not as a continuous 
sequence. but in a process of returning during the course of collaborative work. These 
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revisits may significantly alter or develop a sketch to suit the pur scs of the drawer. 
Considerable time may elapse between such revisits. C=inally, a dc%-clopmcnt of this 
type of sketch concerns visits (and revisits) to a sketch by the person who did not 
instigate it. That is, the act of developing a partners' sketch gave rise to the term 
'shared sketch'. Thus a hierarchy of sketch t)jxs emerged: 
Skctchcs %hich consistcd of a singlc SGA by one pcmon 
Sketches which consisted of a consecutive sequence of SGAs (plus, perhaps. 
\VGAs) by one person. 
Sketches which consisted of multiple single occuriences of SGIVWGAs and/or 
sequences of SGAAVGI activity over the period of collaborative work but which 
remained the work of one person. 
' Sketches which were constructed from the SGAs of one pewn but to which their 
partner had made contributions via WGAs only. These were termed 'partly 
shared sketches'. 
Sketches %hich consisted of SGAs (and perhaps \VGAs) of both partners. In 
this thesis they are referred to as 'shared sketches'. 
For the purpose of this work, 'shared sketches' %%-ere those sketches where both 
partners contributed at least one identifiable SGr\ during a study. Some shared 
sketches consisted of several SGAs by each partner. In some cases they were 
transitory and a whole sequence of SGAs by both partners could be orvr in seconds. 
In other cases the sketches were revisited by both partners over a period of time - 
sometimes returning to earlier pages which had been worked on and put to one side. 
Their significance lies in the fact that shared sketches may indicate some level of shared 
understanding (but not necessarily agreement) u hick cannot be inferred from sketches 
u hich cue from one individual. Table 2 presents the output of shared sketches in 
phase One. 
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Uncf rase 
$ 
Page 
2 
rage 
3 
rege 
.1 
Total No of 
stwrd 
Slrtthct 
Study $ A s 7 14 
Study : 8 6 3 13 
Study 3 A 9 7 16 
Study 4 C 1 8 9 
Study s g d 5 1 12 
Study 6 C 3 6 9 
Table 2. Disanbution of shared sketches by Fugt and total iuttion of shams sketches 1`or each of the 
sit $t ics in Phase One. 
if shared understanding is important to collaborative work, as some authors would 
support. then indicators (such as shared sketches) of shared understanding are 
important to the evaluation of the success of such worm. They are also potentially 
valuable to the comparative analysis bctN%tcn Phase One and Phase Two of this project. 
Shared sketches, generally. were distributed across the pages and across the time bands 
in Phase One. The evenness of distribution suggested an impoaance throughout 
proximal collaborative work - perhaps shared sketches assist the establishment of 
agreements in problem definition or resolution. Predictably. perhaps. Study 6 
presented a lower number of sh=d sketches than the mean. In this study, subjects 
worked towards a proposal for a battery powered product for the Duracell company. 
The majority of their SGAs were produced in the final twenty minutes of the 
experiment and this must have significantly affected their ability to exploit shared 
sketches. it may simply have been that the wording of the brief, or the requirements 
(explicit or implicit) in the task, worked against the production of shared sketches 
(particularly since Study 4 also tackled this brief and produced a similarly low count of 
shared sketches). Altcmatively, one may put this finding down to inter-pair 
differences. If them exists any relationships between phenomena such as output of 
shaved sketches, number of sketches produced and the quantity of SGAs produced by 
each pair then a more sophisticated analytical approach is required. As preparation for 
this the data generated so far was tabulated as Table 3. 
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Table 3. The AGA data tablo rolat; ng to Phaso One 
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Table 3 facilitated a number of useful comparisons within M Vase One and these arc 
discussed in sub-section 11.7. These data arc also central in the comranson bctawccn 
the two phases. The vertical columns mfcr to the six studies in Phase One - the 
numbers corresponding to those refcrnd to earlier " plus the row title, identification 
letter and Mean / Standard Deviation column. A short explanation of each row follows: 
Row A This presents the idcntification letter for the brief used by each pairing (thrrc 
briefs were used, each appearing twice). The briefs appear in Appendix II. 
Row E3 The design quality of the output of each pair was assessed against six 
criteria resulting in a design quality mark cxpresscd as a percentage figure. 
A copy of the quality assessment sheet appears as Appendix VI. 
Row C The time each subject spent engaged in graphic activity in minutes and 
seconds (subject A above subject n). 
Row D The sum of the two times shown in Row C giving the total time engaged in 
graphic activity for each pairing (out of a maximum possible of 1: D 
minutes). 
Row E The number of drawings (pictorial and written) produced. This row 
reproduces the information provided in the final column of Table 1. 
Row F The number of sketches (pictorial) produced by each pairing (this number 
includes sketches produced by each individual and those sketches arising 
jointly from both partners. that is. shared sketches). 
Row G The number of shared sketches produced by each pairing. 
Row If The number of SGAs produced by each individual subject (subject A 
above subject B). 
Row I The sum of the two figures given in Row II. This gives the total SGA 
output for each pairing. 
Row J The number of SOAs per sketch for each pairing (Row I divided by Row 
F). 
Row K The percentage of SGAs appcaaring in the three most visited skctches for 
each individual (subject A above subject D). 
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Raw L The number of SGAs commiued to shared sketches for each rünng. 
Row 1f Row L expressed as a pcrccntagc of total SGA production for cacti pairing, 
Row N The number of skctchcs comprising thrcc or lcss SGAs (NO and prtscntcd 
as a pctvcntage of total sketch production by each pairing (dß'2). 
11.7 Discussion of Table 3 
11.7.1 Design Quality Assessment 
An assessment of the design quality of the output of pairings was undertaken by the 
author and, as a check on the procedure., a second assessor was enlisted. both the 
author and second assessor have many )-cars cxpcncncc of assessing undergraduate 
design work. The two assessments used the same criteria but were conducted entirely 
separately. While the two assessments did not provide identical scores there was 
sufficient agreement for the author to have confidence in the assessment schedule and 
the assessment procedure. With regard to Phase One pairings, the author achieved 2 
design quality mean score of 67% with the second assessorachicving 81%. The tank 
ordering was substantially the same. The checking procedure served its purpose and it 
was decided to use the authors own assessment data (rather than use a mean of the two 
sets of data) and this is what appears in Row D. It can be seen that Studies 2 and 3 
achieved high scores for design quality (79% each) while Studies 4 and S achieved the 
lowest scores (53% each). 
11.7.2 The Distribution or SGAs Across Skctchcs 
Another phenomenon was observable in the data %%hich might have proved significant 
in the comparisons of the studies of Phase One with those of Phase Two. This 
concerned the distribution of SGAs across drawings. The six bar charts presented in 
Figure 4.7 highlight the varying production of SGAs over the one hour of each study. 
However. the chase do not specify how many individual sketches this activity was 
divided amongst. It is possible that a high level of SGAs for any one subject was 
entirely contained in one sketch - developing and building it up over several time bands. 
Alternatively, the same high level of output may have been directed towards the 
production of numerous but less developed sketches. Knowledge of the distribution of 
SGA activity was likely to be important in analysing the significance of shared sketch 
xusity and it potentially provided a useful means to substantiate conclusions about the 
exploitation of sketching in collaborative working. 
As previously discussed, the output of each study consisted of bctwtrcn two and four 
At size sheets of paper. Each drawing was given its own identifying number, for 
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cxamplc 2.23 spcciled drawing number 23 on sheet number 1 'ilu5. c numbers were 
recordcc! on the AGA data capture sheets for every instance of pictorial and writtcn 
activity in each of the time bands. Although these data appear in chronological order it 
was a simple task to produce a list of sketch numbers and then to allocate each SGA to 
one of the sketches. Copies of the data capture sheets appear in Appcodix IV. Table 4 
presents the number of sketches worked on by each individual and some of the findings 
were revealing. 
The high le%-cl of SGA acti%ity in the studies was not distributed evenly across 
sketches. Some sketches appeared to be significant or'favourcd' in that they taci%rd a 
larger proportion of SGAs and a greater number of 'visits'. In Study 5, for example. 
Subject A produced sketch output on each page. lie producer! 120 SGAs over the hour 
(sec Row ti. Table 3) and worked on 31 sketches (sec Table 4) -a nominal SGA-to- 
skctch ratio of 4: 1. iioWever when one examined the distribution of SGAs it was 
apparent that two sketches %N-ere significant to the subject - drawing number 3.3 
consisted of 21 SGAs while drawing number 4.1 consisted of 24 SOAs (see Appendix 
1V). This imbalance is seen in other studies. In Study 4. Subject A produced 97 SGAs 
and worked on 32 sketches - approximately a 3: 1 SGA"to-sketch ratio. Hfiowever, this 
subject used 26 of their SGAs in drawing number 2.22. 
Although sketches received an average of 3-29 visits in Phase One overall, Row I of 
Table 3 reveals a small range (2.79 visits in Study 6 to 4.30 visits in Study 5, SD 0.5). 
When the number of SGAs in the three most visited sketches for each participant wºwcre 
added together they comprised a significant part of all SGA activity. Row K of Table 3 
reveals that for each individual 32% (mean) of all SGAs were applied to just three 
sketches. The distribution of SGAs across sketches is further illuminated by Row N2 
of Table 3. This reveals that, on average. 74% of all sketches (shared and individual) 
contained three or less SGAs (SD 5.6). Such fut. transitory, sketches, which might 
be described as 'thumbnail sketches'. would appear to be an important clement of 
phic acuity in such designing. 
Favoured sketches werk often also sherd sketches but u ere not cxclusivcly or equally 
so. In the cases presented above the partners added only a handful of SGAs to the 
combined totals. There is no evidence to suggest that favoured or shared sketches were 
worked on by both partners to an equal extent. Row L of Table 3 presents the number 
of SGAs committed to shared sketches for each pair a Nile Row M presents this 
information as a percentage of total SGA activity for each pair. 46% of SGA. s were 
committed to shared sketches % hach is a considerable proportion of sketching activity. 
The range includes 63% in Study 3 to 30% in Study 6. 
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Numbct of 
rage rate Page Page Page h1nc 
axctrd on 
rcvnbm 
1 2 3 { $ 
ra sure 
MAI 
A 20 23 2 43 
Study 1 -- -r - ... as 13 16 21 3 40 
A 2 17 6 3 28 
Study 2 - _. - - ... 64 
B 3 18 9 G 36 
A 19 t0 29 
Study 3 - - ... 72 
11 30 13 43 
A 10 2.2 32, 
study 4 63 
13 $3 20 33 
A 10 13 3 s 31 
study s _. - - - ... 36 
13 7 to 6 2 2s 
A 13 11 24 
Study 6 -`- "- . S2 
0 7 21 28 
Table 4. Number of skctcbcS vºuked on by each pw dp. ant in the six fluse One studies. 
When one examined the relative numbers of sketches anrked on within each pairing 
there was an unexpected similarity which is presented in Table 4. In Study I both 
subjects worked on over 40 sketches each. Many of these were the same sketches in 
that they were 'shared' but it was useful to be able to observe the differences between 
participants. In Study 6 the subjects matched each others output again with 24 and 28 
sketches worked on respectively. With the exception of Study 3 there was a close 
similarity within pairs of the numbers of sketches worked on. 'lucre are a number of 
possible reasons for this: it is possible that individuals, by their actions and output, 
influenced their partner to work on more or less sketches or perhaps there existed a 
desire not to 'stand out' in the studies. Certainly there was an element of mirroring in 
output within each page and not Justin the cumulative total. in general, where there 
was an imbalance between partners concerning the number of sketches worked on. then 
this imbalance vºas maintained throughout the study. It could be that totals of 'sketches 
worked on' (as presented in Table 4) were falsely inflated by single visits to sketches 
by one or both partners. In the studies the dominant producer of sketches did not 
fluctuate from one partner to another. 
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Where subjects chose to extend their work beyond two pages there was a dramatic 
decrease in the production of sketches but a subsequent increase in the average time 
spent on them. Studies 1,2 and 5 chose to use more than two rages. Note that in the 
case of Study 2 (see Table 4) nearly half or the total SCA output was generated after the 
second page (which was concluded just after halfway through the study) and this was 
distributed over 24 sketches (the first two pages accounted for the remaining 40 
sketches). Study 5 was even more dramatic. Mir of the SGA output occurred in the 
second half of the study (on pages 3 and 4) and )-ct this generated only 16 sketches 
(3O'? of the total output of sketches). This would be consistent with a process of 
developing and detailing established images which presented a high level of agreed 
information. This analysis is returned to in Chapter Thirteen in a comparison with the 
work undertaken as Phase Two which occupies the next chapter. 
The first pan of the AGA resc=h study, undertaken %ia a process of revisiting the 
video and graphic output generated by Phase One of the ROCOCO project, was 
successful. It has provided new data concerning the use of sketching between pairs of 
subjects engaged in face-to-face design activity. Phase Two of the ROCOCO project 
sought to replicate the design activity of Phase One with the important difference that 
subject pairs were located remotely from each other and linked by computer mediated 
technology. This Ph= provided the AGA project with raw data on which a similar 
examination of graphic activity could be undertaken. Its conduct is described in the 
next chapter. 
11.8 Summary of Findings from Phase One of the AGA 
Project 
"A mean of 67 drawings per study (SD 15.6) was produced (Row E. Table 3) of 
which 54 (mean) were pictorial 'sketch' drawings (Row F, Table 3). Of these, 
12 (mean) were shared sketches (Row G. Table 3). 
The mean time spent sketching by pairings was 35 minutes 21 seconds (out of 
120 minutes) (Row D. Table 3). 
" Between 2 and 4 pages were used by each pairing (Table 1). 
" An assessment of the design quality of the outputs from Phase One pairings 
produced a mean score of 67rä (Row B. Table 3). 
" 1321 Graphic Acu took place in total producing a mean Graphic Acts output per 
subject of 110 (Figure 4.5). 
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" Skctch Graphic Acts (SGAs) accounted for 73% of all Graphic Acts. The 
remainder were Written Graphic Acts (\'GAs) (Figure 4.6). 
" Various 'profiles' of the distribution of Graphic Acts %%cnc discernible in the 
data such as a 'mirroring' of output betucen punners (1--i gum 4.7). 
46% of SGAs w ere committed to sharrd sketches (Row M. Table 3). 
SGA activity was not distributed c%-cnly across sketches. On average. 32" of 
5GAs were to be found in the three most visited sketches of ca h participant 
(Row K. Table 3). 
74%v of all sketches (shared and individual) contained three or less SGAs (Row 
N2, Table 3). These were dcfincd as fast, transitory, 'thumbnail' sketches, and 
may be important in collaborative design activity. 
Section 4 Charter II Vie AGA Project: Studies of Face-to-Face SLc: clzing 156 
Chapter Twelve 
The AGA Project: Studies of Sketching Activity where 
Partners are Remotely Located 
12.1 Introduction to. and Description of. Phase Two 156 
12.2 Conduct of and Equipmcnt for Phasc Two 160 
12.3 Data Capt= and an Introduction to the Analysis 164 
12.4 Graphic Actihity and Graphic Acts in Phasc Two 165 
12.5 The «'GA and SGA Data of Phase Two 16S 
12.6 Shared Sketches 171 
12.7 The Distribution of SGAs Across Roches 172 
12.8 Discussion of Table 8 175 
12.9 Summary of Findings from Phase Two of the AGA Project 176 
Section 4 Chapter 12 The AG A Project: Sketching and Rennte Partner 157 
12.1 Introduction to, and Description or, Phase 'I'm 
Aum of Phase Two of the ROCOCO project: 
To invcsUgatc the communicational rcquircmcnts of pairs of Design and 
Technology students when rcquimd to work collaborauvcly but l atcd remotely 
from each other on a given industnal design brief in a onc"hour study. Subject 
pairs will be linked by computer based tools. 
Aim of Phasc Two of the AGA pcojcct. 
To revisit the data generated by Phase Two of the ROCOCO project and to 
investigate, via tclcvant rcscarch tools, the use of skctching by pairs of design 
subjccts collaborating remotely via computer based tools. Ultimately, a 
comparative analysis of Ph= One and Phase Two is sought. 
Phase One of the ROCOCO project concerned a study of communication bcti%rcn 
student designers working proximally on a shared design problem. Phase Two sought 
to analyse communication between student designers collaborating in teal time but in 
different locations. In Phase Two, communication between subjects was mediated 
electronically, and pen and paper wcrc replaced by a computcr"bascd shared draining 
surface. %N teile the original ROCOCO project led to speculation and hypotheses 
concerning the significance of a variety of verbal and non"vcrhal communication in 
collaborative design work this thesis will continue with its focus on the investigation of 
the function of sketching between pairs of subjects engaged in an industrial design task 
. that is, the Analysis of Graphic Acts (AG, ) project. 
Phase Two of the ROCOCO project again drew its subjects from the second year of the 
Design and Technology BA and USc degree programme at Loughborough Univcrsity. 
The studies took place in the same purpose-built laboratories at Loughborough 
University as Phase One but this time each pair were separated. with individuals given 
a separate room and provided %%ith their own computer workstation. Test pairs were 
matched for gender and were assumed to have similar design experience. Ncw design 
briefs were selected from the same batch used in Phase One and these appear in 
Appendix Q. Task selection requirements were the same as for Phase One and once 
again in the course of each one-hour study each subject pair completed one design task. 
Whereas Phase One required only six pairs of subjects, Phase Two of the ROCOCO 
project was intended to test impov cnshmcnts to various modes of communication and 
thus it required many more pazrs. Four conditions were identified and. ideally, six 
studies of pairs would have been undertaken in each of the conditions (requiring4S 
participants). Unfortunately, there were not sufficient student volunteers in the year 
group and only five studies were possible in each of the four conditions. it would have 
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bccn possible to use first or third year studcnts but this would have had its own 
disadvantages in a compamti%v analysis. It was deemed acceptable to compan the six 
studies of Phase One with the fi%°c studies in each condition of Phase Two. Thus 
tucnty studies took place in o1ving tacnty pairs of subjects o cr a period of two 
months in 1990. The four conditions wert: 
"All-on' condition. This full configuration allowed participants to verbally 
communicate with each other %ia a lightweight headset telephone. it also 
pro%idcd a video picture of the partner's head and upper body via a second 
monitor located to one side of the main computer screen. A clever use of camera. 
mirrored glass and seating position allowed each subject the impression that they 
had eye contact with their partner %%hen they looked into the Vi, korunnel as it 
came to be known. Thirdly. each partner shared an electronic drawing surface 
(appearing as a large window on the main monitor) onto which they could 
simultaneously draw via rid size graphics tablets and pens located on the desk in 
front of the monitor (see Fig 4.5). A more detailed description of the equipment 
is pro%ided in sub-section 12?. The All-on condition was designed to emulate as 
closely as possible the face-to-face workspacc of i'hase One. The research team 
anticipated that this condition would be the most useful, facilitating an analysis of 
the effects of remoteness and electronic mediation on design acti%ity. 
ii. , %Iidco-ofr condition. This was as above but with the video channel rcmovcd. 
This took away the picture of the partner and thus it denied the use of eye contact 
and any communication % is gesture. 
'Speech-off' condition. As 'A11-on' but with the headset phone n mov cd. Thus 
no verbal communication %%-as possible bctuccn partners. 
iv, `Yidco and Speech-off' condition. This was also l mown as the Trawing. 
surface-only' condition. In this condition the shared drawing surface was the 
only means by which subjects could communicate. 
For the purpose of this thesis the analysis %%ill focus on a comparison of the five 'All- 
on' or full configuration studies of Phase Tina with the six studies of Phase One. As 
far as the sketching analysis is concerned very little useful information emerged from 
the second. third and fourth conditions. These present some useful findings 
concerning the %%idercommunicational requirements in such situations and they 
highlight interesting relationships between modes of communication but they do not 
form part of the AGA project. 
Sektion 4 Chapter 12 The AG A Project Sketching and Renwie Parmers 159 
12.2 Conduct or and Equipment for Phase Two 
In the five studies for each condition the two subjects were welcomed to the laboratory 
and located in their separate moms. They wem introduced to the technology 
configuration they w rc to use and were encouraged to familiarise themselves with the 
facilities via informal remote communication with their partner for approximately 20 
minutes. Figure 4.8 provides a simplified illustration of the seating arrangement and 
the layout of the equipment in the two laboratory moms. tV"hcn all communication 
channels were switched on subjects were able to hear and speak to their partner. to 
shun an electronic drawing surface which was displa? rd on a monitor scrrcn (Monitor 
al and Monitor bl) and to see a video image of their panncr on a second monitor (Ma2 
und Mb2) via the VidcoTwrnel annngemcnt. 
FS 4 ,8 Simplified 
illustration of the seating arrangczuen[ and layout of caquiy cnt (the ROCOCO 
Stsian) used in Phue To studres. 
At the start of each study each pair received a verbal briefing plus a written copy of the 
design brief which they were to attempt to resolve together. The instruction to all 
participating pairs was similar to that used in Ph= One, as was the timescale and 
operation of each study. At the conclusion of each study the subjects were debriefed 
and asked to complete a questionnaire regarding the task and use of equipment (data not 
available to the AGA project). A video record (and audio record %% here relevant) was 
made of each participant during the studies. Graphic output was captured on video (sec 
Figs 4.9. and 4.10) and was retained as a series of computer files. 
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G' 
.. ý 
ab, "er pscturei stated at their rcspett1%' ROCOCO itatunu The participants Acre in separate but 
ad"ning reams 
. 
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A 110 Stills from . int'thcr M the Phase Two %ideo rr+clvds A multiple Nideo imacc was I, a, lahlc 
tt m picture' which sndu kd the tacul image avaiiabie to each Subject via the 1 udeo lunnel 
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ROCOCO Station was the name given to the collaboration workstation developed for 
the purposes of the ROCOCO project. Two such workstations were linked in order to 
run remote sessions. When using the link each subject sat at their own ROCOCO 
Station. A shared drawing surface was displayed on a 21"computer monitor in front 
of each of them. For the research subjects. all interaction with the computer was via a 
digitiser and stylus. To one side of each computer workstation was the VidcoTiainel 
video link containing a video monitor and camera. Displayed on this monitor was a 
head and shoulders image of the remote partner. The VidcoTiuuiel arrangement 
developed by Michael Smith. Research Assistant to the project, followed an earlier 
model proposed by Randall Smith et a! at Xerox 'ARC (sec Smith 1959). It used half 
silvered glass and mirrors to allow the illusion of eye contact over the video link. 
Subjects wore lightweight telephone headsets in order to hear each other and 
communicate verbally. Figures 4.9 and 4.10 show photographic images taken from the 
video recorders. 
A central element of the ROCOCO Station was the ROCOCO Sketchpad shared 
drawing surface which was developed by Shaun Clarke, Research Assistant to the 
ROCOCO project. The Sketchpad allowed two or more designers, sitting at different 
computer workstations, to share a drawing surface and to engage in many of the 
interactions available in face-to-face working. It took the form of a large shared 
window which was displayed on each participant's workstation screen. Subjects were 
able to simultaneously sketch and write in the window using a limited selection of pen 
colours and pen thicknesses selected from a menu bar displayed at the top of the 
window. All marks made on the surface were made visible to both users instantly. As 
well as being able to make marks, a participant was able to direct remote colleagues 
attention to a particular area on the surface via a continuously displayed 'telepointer'. 
The menu bar also allowed subjects to select a blank page to work on or return to a 
previous page of output but they did have to agree on which page they were to both 
wort The functionality of ROCOCO Sketchpad was defined by the drawing 
behaviour observed in the face-to-face studies of Phase One. In these studies it was 
found that, despite having a large variety of drawing implements available, the subjects 
used only a few pen types. Additionally, rulers and templates were very rarely used. 
Hence, only four pen colours and three pen thicknesses were provided for users of the 
Sketchpad. 
Research into shared drawing activity and shared drawing surfaces, including some 
ground-breaking work at Xerox PARC, has identified four requirements for systems 
which attempt to support shared sketching and drawing activity (Tang & Leifer 1983; 
131y & Miinneman 1990). These are: 
i, Marks and gestures should be made visible to all participants without significant 
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delay. 
ýi. Rapid switching bctwtiwecn sketching, writing and gesturing should be possible. 
Users should be able to mark. erase and gesture in the same space 
simultaneously. 
iv. Familiar mechanisms for drawing space activity should be maintained. 
The ROCOCO Sketchpad was designed to satisfy these requirements. A guiding 
principle was that the sketchpad should appear as familiar as pcn-and-paper in order to 
minimise the effects of such a computer-mcdiated facility on sketching activity. It was 
designed to be directly usable; to allow its users to make use of their existing skills; to 
require the learning of few new skills; and to involve the minimal loss of skills. 
(ROCOCO 1992) 
12.3 Data Capture and an Introduction to the Analysis 
It is worth dwelling on the manner of the data capture used by the author in the recent 
process of revisiting the raw material before proceeding to the analysis and the 
findings. In Phase One each study had generated their rcspectivve original or `master' 
drawing sheets. These Al size sheets of paper made analysis relatively easy since it 
was possible to provide each drawing with its own identifying number and then to 
watch the video record with these drawing sheets in order to catalogue graphic activity 
for both partners in each study. In Phase Two the graphic output existed as computer 
files and this posed different problems. Technical problems with reconstructing and 
displaying the large shared drawing riles necessitated constructing papcr-based models 
of the original sheets which could be used in the analysis. The procedure for 
constructing these models was as follows: 
Assembling the video collection - Each study had generated a VHS video 
record of Subject A and a separate VHS video record of Subject B. Each video 
revealed the upper body of one subject sitting at their workstation plus it revealed 
their view of their monitor screen displaying the shared graphic surface (as shown 
in Figs 4.9 and 4.10). 
i;. Ntodelling the video data - By watching the video recording of each 
participant in turn it was possible to re-draw an approximate graphic model of the 
output as A4 size sheets. It was most accurate to do this sheet by sheet, that is, to 
reconstruct the output of Subject A for sheet 1 then to add the output for Subject 2 
for sheet 1 before moving to sheets 2,3 and 4 etc. Since each video presented the 
images being constructed, the drawer's hand plus the verbal communication 
taking place between each pair it was relatively easy to construct a suitable model 
of each original drawing page. 
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iii. Labelling - Having produced thcsc A4 models it was thcn possible to label each 
discrete drawing by giving each its own identification number. 
iv. Data capture - It was then necessary to watch each video again only this time to 
match each and every 'graphic act' to a particular numbered drawing and to record 
the data on data capture sheets (copies appear in Appendix IV). 
This technique provided models of the pictorial (sketch) and written output. While the 
models differed in detail from the original computer based images they fulfilled their 
function in that it was possible to identify discrete drawings and to number them. This 
facilitated the counting and attributing of all Written Graphic Acts (\VO, s) and Sketch 
Graphic Acts (SGAs) as in Phase One. These models also facilitated the further 
mvcstigation of the shared sketch phenomenon which emerged from Phase One. 
Having closely observed the video record of each of the studies and been present for 
some of them it was clear that the subjects found Phase Two a more difficult situation 
than that presented in Phase One. While subjects would have known their partner the 
context of computer supported collaborative working was new to all subjects. There 
was time to gain some familiarity with the equipment prior to the studies but it was not 
feasible within the given research resources to enable all participants to become expert 
Rococo Station had been designed for the novice user and yet its intrusiveness was 
observable, most noticeably at the beginning of the experiments. However, subjects 
relaxed into the collaborative sessions as they became more familiar with the equipment 
and with the laboratory setting. The design briefs %%-ere selected from the same 
collection used in Phase One and these were, as far as possible, matched for their level 
of difficulty. While no Phase One subjects took part in Phase Two the Phase One 
briefs were not reused in case Phase One subjects had discussed their work with other 
students who were to become subjects for Phase Two. The selected briefs, which 
appear in Appendix II, concern the design of a novelty coin collector or savings bank 
for children (brief D); an ironing board (brief E); a garden leaf collector (brief F) and a 
ehildrens' flask for hot liquids (brief G). In these five studies brief D appeared twice 
(Study I and Study 5). All briefs necessitated negotiation between the subjects in order 
to determine the requirement(s) and the process of resolution. 
12,4 Graphic Activity and Graphic Acts in Phase Two 
As in Ph= One the graphic marks - this time made via the graphics tablets and 
appearing on the monitor screens - varied from the most fleeting of touches to very 
ailed images. It was apparent that less written activity had taken place compared 
wich phut One and this is discussed later. Subjects had used the full range of pen 
sues and colours available although not in every study. 
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Each pair generated between three and five sheets of electronic 'pages' of drawing and 
writing activity collectively referred to as 'graphic activity'. Two of the studies 
generated five pages; two generated four pages; and one generated three pages. The 
first significant observation concerned the number of separate 'drawings' produced in 
cach study. Here, as in Phase One. 'drawings' refer to instances of written text as well 
as pictorial imagery. Table 5 presents the combined number of drawings produced on 
each page by participants plus the total number of drawings generated in each study. 
The corresponding figure for Phase One would be Table 1. In each case in Phase Two 
the first page contained the greatest number of drawings with a steady decline in 
drawing quantity in subsequent pages. In the two studies which exploited a fifth page 
then this page reversed this decline with a small upturn in numbers of drawings 
produced. 
Page 
1 
Page 
2 
Page 
3 
Page 
4 
Page 
5 
Total No of 
Drawings 
Study l 16 11 8 1 6 42 
Study 2 20 18 7 5 so 
Study 3 20 15 1 6 8 so 
Study 4 17 16 11 5 49 
Study 5 29 10 5 44 
Combined Total 235 
Table 5. Quantity of drawings produced on each page plus tool drawing production for each of the fi%e 
w szodies in Phase Ti. 
it was possible to increase the detail of the investigation as was undertaken in Phase 
one. There was merit in identifying the number of individual Graphic Acts (GAs) 
sand this helped in understanding the functioning of drawing in this context. As in 
phase One any drawing might consist of a single GA -a single mark or fleeting 
impression - or it might be built up from several GAs put down by one or both 
paruurs. Once again the definition of a GA was that used in Phase One, that is, 
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than one w. cond in duration 
This data collection process ga%c nwc (4) the int(lrmatro"n hrrwcntcd in the bar chart 
sheen as Figures -i 11 and 4 12 These arc direct Iv co nipar, rhle %% Ih the har chart, 
shown in Heures 45 and 4 t, of Phase One since the% use a common wale the 
honzontal axis identities the number of each of the tic pairs of suhiects also known as 
the Stud} Number) \\hich make up Phase To is five harz atx, \e this honiontal 
is refer to the total number of Graphic Acts pnxiuced hý Subject A in each pair 
iidentified stmplY as those sitting in Roiom Al. the ti\c bars pololl the honrontal axis 
refer to the total number of Graphic Acts pruiduccd hý Subtat H in each pair ithosc 
sitting in R(x)m B). The wrncal axis presents the kale for the number of Graphic 
Acts 
h'e. t 
i 
B 
i 11 1 
Fi; f11 Bar chart shou ing the pnxiucti n of Graphic Acts for the fi'e Patty of suhiects in Phaee Tuo 
There as some stmlant\ in the production of Graphic Acts (GA%1 across the five 
pers. Stud\ 4 produced the most GAs %%ith 2.1 S in total and Study 2 produced the least 
with 181 GAs. While there 'here differences in production oof GAs t etw wen partners 
spar icularly in Study 2 and Study i there \%-as a certain constancy in o%crall GA output 
between studies. In total. 1095 Graphic Acts were produced which save a mean GA 
output per suhjcct of 1019.5. 
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respeti'. e time bands. in e\aetly the same fashion as vas done for Phase One. then f %c 
; xw charts arc den\ed %khich present the profiles for \VGA and SG: ý tip ýtý for each 
of the fi'. e studies in Phase T%%o. These arc presented collccti cly as Figurr 13 and the 
full-size charts are a%a'lahle in Appendix V As \%ith Phase One. sketching acti\itý. 
Identified via occurrences of SGA:. dominated the output and. consequcntlh . the 
analysis of ý'i "\ jcti\ it} in Phase T\%o occupies onl\ a small part of this thesis 
WGAs compnscd S'4- of total GA production and their di. tnhution as not c% cnl% 
spread over the one hour periods. As in Phase One there Was a clear emphasis on the 
production of \VG. As at the beginning of studies and to a lesser extent an emphasis on 
the production to\%ards the end of studies (Studies 3 and 5 dtsplaýcd .t 
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production of WGAs in their early time bands: Study I displayed a production of 
WGAs in the final two time bands). \VGA activity was low in all studies around the 
middle time bands. There did appear to be a certain 'mirroring' in %VGA output 
between partners which was observed in some of the Phase One studies. 
The total output of SGAs across all five studies was 1006 which produced a mean SGA 
output per subject of just over 100. Sketching activity was apparent in all time bands 
from the very beginning of studies to the final time bands but as with the studies of 
Phase One the output of SGAs varied over the hour. Distinctive SGA profiles may be 
perceived in bar charts shown as Figure 13. Study I presented one type of profile 
where the SGA output of both subjects rose (mostly) steadily to the mid point of the 
experiment and then both tailed away to the end. Closer scrutiny revealed potentially 
important differences between the pair - while Subject A presented a smooth profile, 
Subject B presented a more erratic profile involving clear dips in SGA activity. 't'his 
second type of profile was, to a greater or lesser extent, apparent in all studies and 
revealed a fluctuating output of SGAs by one or both partners during the hour. A third 
'opposing' profile feature was apparent but less easy to distinguish. It appeared 
occasionally where the output of SGAs for one partner rose and fell in the opposite 
direction to their partner. That is, as one partner increased (or was permitted to 
increase) their output of SGAs so the output of SGAs of the other partner decreased. 
Take Study 4 as an illustration of this. SGA output was broadly similar for both 
subjects in the first time band (0-5 minutes). In the subsequent two time bands the 
output of SGAs by Subject A fell with a corresponding increase by Subject 13. In the 
fifth and sixth time bands (20-25 minutes and 25-30 minutes) the situation was 
reversed with increased SGA output by Subject A and a corresponding decrease by 
Subject B. The situation was reversed again after this for a short time with both 
subjects finally completing the task with a generally even generation of SGAs. 
This phenomenon was also seen clearly in Study 2 and to a lesser extent in Studies 3 
arid 5. Interestingly, in Study 1, Partner B appeared to exhibit the erratic profile of 
turn-taking while their partner exhibited the evenly curved profile of output discussed 
above. This would not seem to be a factor associated with the design task. Study I 
and Study 5 set their respective pairs the same task - to design a novelty coin collector 
which would encourage children to save with a building society (brief D). 
A fourth type of output profile displayed the erratic peaks and troughs discussed above 
but also displayed a clear mirroring between partners. Such a hybrid profile was not 
common but was seen at certain points in some of the studies. Study S displayed most 
clearly a situation where both subjects increased or decreased their output of SGAs 
together and they did this in nearly every time band - the third time band displayed a 
joint decrease; the fourth a joint increase; the fifth a joint decrease and the sixth a joint 
increase. This was also seen towards the end of Study 3 where output of SGAs rose 
Sehion 4 Chapter 12 The AGA Project: Sketching and Remote Partners 170 
for both subjects although not at the same levels or at the same velocity. Subject B of 
this Study (Study 3) provided a unique profile for Phase Two. This profile displayed a 
steeply rising output of SGAs from the mid point to the end of the experiment and 
therefore produced an output curve which resembled that of Study 6 of Phase One. In 
both studies the subjects had been keen to complete, before the deadline, a proposal 
which had floundered a little at about the mid point of the study. In Study 6 (Phase 
One) the SGA output of both partners rose % hereas in Study 3 (Phase Two) Subject A 
dramatically cut back SGAs in response to the output of Subject B. 
12.6 Shared Sketches 
During all studies both subjects produced sketches as a result of their SGA activity. 
The range of the number of sketches produced by pairings varied from 42 to 50 with a 
mean of 47 (SD 3.7). Some of these sketches consisted of a single SGA but most of 
them were developed from a series of SGAs by one or both partners. A distinction was 
made between sketches which were revisited by the original maker only and those 
which were revisited by both partners. It was stated that -here sketches contain at least 
one SGA from each partner they were deemed to be 'shared' sketches. Shared 
sketches were presented as possible indicators of some level of shared understanding 
(but not necessarily agreement) which may not be inferred from sketches which 
emerged from one individual. Furthermore, it was proposed, shared understanding 
ffuy be significant in collaborative design work and, therefore, indicators of shared 
understanding were important to the evaluation of the success of such work. Table 6 
tabulates the shared sketch output of Phase Two. 
Page 
1 
Page 
2 
Page 
3 
Page 
4 
Page 
5 
Toul shared 
sketches pct 
study pair 
Study 1 s 4 4 1 2 16 
Study 2 6 6 6 2 . 10 
Study 3 7 7 0 3 1 i8 
Study 4 6 4 2 12 
Study 5 S 5 3 13 
Total 79 
Table 6. Distribution of shared sketches by page and total production of shared sketches for each of the 
fire studies in Phase Two. 
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In Phase Two the mean output of shared sketches was 16 (SD 3.1) with the range 
being 20 to 12. It is interesting to note the relatively cvcn distribution of shared 
sketches across the five studies of Phase Two and across the pages of each study 
(Table 6) particularly if one notes the steep decline in the quantity of 'drawings' 
produced on each page (Table 5). This is returned to in the comparative analysis in 
Chapter Thirteen. 
Table 7 presents the number of sketches (shared and individual) worked on by each 
pair and each individual within each pair (the totals do not correspond to Row F in 
Table 8 because Table 7 counted a sketch twice where both partners worked on it). 
With a mean of 45 sketches per study. and a SD of only 3.6. (see Row R. Table 8) 
Ph= Two displayed a consistency in sketch output. 
Number of 
Page Page Page Page Page sketches Waked on 
Combine! 
1 2 3 3 pcr subject 
tote! 
A 10 4 6 1 4 2S 
Study t -- -- -- - - ... S3 
B 10 8 6 1 3 28 
A 9 11 6 4 30 
Study 2 - - - -- ... 71 
B 17 14 7 3 41 
A 12 13 1 S 2 33 
Study 3 - - -. -. -. ... 60 
B 8 7 1 4 7 27 
A 9 10 6 3 28 
Study 4 - - - - ... S9 
B 12 10 7 2 31 
A 18 9 4 31 
Study S - - - ... S9 B 17 7 4 28 
Task 7. Number of sketches worked on by subject pairs in each of the five uudics in Phase Two. 
12.7 The Distribution of SGAs Across Sketches 
Chapter Eleven discussed the distribution of SGAs across the sketch output of Phase 
One and there was good reason to do the same for Phase Two. It was proposed earlier 
that knowledge of the distribution of SGA activity, together with knowledge of the use 
and significance of shared sketch activity, was likely to be relevant to developing 
conclusions about the exploitation of sketches and sketching in collaborative working. 
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As with Phase One the individual data charts (Figure 4.13 & Appendix V) highlighted 
the varying production of SGAs over the one hour of each experiment in Phase Two. 
However. they do not specify how many individual sketches this activity was divided 
mengst. Again. it was possible that a high level of SGAs for any one subject was 
entirely focused onto one sketch or. alternatively, they might have been directed 
towards the production of numerous, but less developed, sketches. The following 
observations were based on secondary data sheets constructed as part of the AGA 
project (examples appear in Appendix IV). 
Subscqucnt to producing the graphic models of the computer based design pages each 
drawing on each page was given its own identifying number. As in Phase One. these 
drawing numbers allowed the author to attribute every Graphic Act to a particular 
drawing and, by mapping them onto five-minute timcba nds. to document the broad 
chronological order of their construction. 
The secondary data sheets allowed the compilation of a more detailed data table (Table 
8) which revealed, amongst other things, the exploitation of SGAs in the five studies in 
Phase Two. As with Phase One some explanation is presented uith the Table itself, 
followed by discussion. The comparative analysis of the detailed data tables of SGA 
activity for Phase One (Table 3) and Phase Two (Table S) is presented in Chapter 
Thirteen. 
Row A This presents the identification letter for the brief used by each pairing (four 
briefs were used. only brief D appcared twice). The full briefs appear in 
Appendix U. 
Row $ The design quality of the output of each pair' as assessed against six 
criteria resulting in a design quality mark expressed as a percentage figure. 
A copy of the quality assessment sheet appears as Appendix V1. 
Row C The time each subject spent engaged in graphic actihiity in minutes and 
seconds (subject A above subject B). 
Row D The sum of the two times shown in Row C giving the total time engaged in 
graphic activity for each pairing (out of a maximum possible of 120 
minutes). 
Row F. The number of drawings (sketch and written) produced. This row 
reproduces the information provided in the final column of Table S. 
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Study Nummbtf 
Meds 
1 2345 i3 D) 
A B+ef D EFGp 
Design g slily 
R j3 63 63 3) 33 ISs uscisment rann= ( L) (1 31 
Time (6tins(Sec) A 30,03 23 23 32.36 list 16 31 
C spent to graphic --- -- - -- --ý- 
utrv ty (per sub)ect) B Yf.: 5 : 11.04 : 6.09 : 3.43 .. 9 
Time (NILAS") 
0 spent in graphic acnnty 37: 30 33: 29 Sä 45 S743 -1900 M17 (sub)Ctts A"B) 
Number of drawings: 
E vusnna! ans'cx written j: So So 49 -U 
47 
4sut? jerss A. B) r31) 
F 
Number of sketches 
I a3 SO 41 46 JS , sut sA"e) I I 
Number of shared 
G ske"he's 16 0 1S 12 11 16 
isubjetts A+B) t3 =1 
Number of SGAM 
A 113 91 135 11! 14 
H (per sub)W) B 91 125 64 114 474 
- 
of ) D6 199 1311 : ot (subjects A C6.3) 
Mean SGAsper ( 
sketch 
4. $3 4.32 ! 4_33 4.96 1.39 x. 52 
(0.6) 
% of SGAi in 3A 33% =% 3% : S% 31% { K most coned sketches - - - 
(pct subject) B : S% 2 31% 30'1 
Number of SGAs 
L corz=t: ed to shared 147 133 tia sa 9ý 12 = 
skembes 
(292) 
SGAs committed to 
R, shard sketches as % of rc 63% 14% 3a% 59% 61% 
each pars' SGA owput (1 a., ) 
N1 Sketches "p" 'n, =3 =i 1s 19 30 
23 
3 or less SGAS (& as s 
N2 % of a pa", sketch (35%) 43Si) tu%) (411%) 
I 
(65j) 31 °'s output ftae% 
Table S. AGA Data table relating to Phase Two 
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Row F The number of sketches produced by each pairing (this number includes 
sketches produced by each individual and chose sketches arising jointly 
from both partners, that is, shared sketches). 
Row G The number of shared sketches produced by each pairing. 
Row H The number of SGAs produced by each individual subject (subject .1 
above subject ß). 
Row i The sum of the two figures given in Row N. This gives the total SC; A 
output for each pairing. 
Row J The number of SGAs per sketch for each pairing (Row I divided by Row 
F). 
Row K The percentage of SGAs appearing in the three most visited drawings for 
each individual (subject A above subject II). 
Row L The number of SGAs committed to shared sketches for each pairing. 
Row Mt Row L expressed as a percentage of total SGA production for each pairing. 
Row N The number of sketches comprising three or less SGAs (NI) and presented 
as a percentage of total sketch production by each pairing (N. ). 
12.8 Discussion of Table 8 
As %ith Phase One there was an assessment of the design quality of each pairs' 
proposal. This was undertaken exactly as for Phase One. Studies 2 and 3 achieved the 
highest scores for design quality (63(7v each); Studies 4 and 5 achieved 53% each and 
Study 1 achieved 43%. 
U nth reference to the output of pairs, a mean of 47 (SD 3.7) drawings was produced 
with 45 (mean, SD 3.5) of these being pictorial sketches. Row J of Table 8 reveals a 
mean production of 4.5 (SD 0.6) SGAs per sketch. For individuals (and, in some 
cases, pairs), some drawings appear to have been significant or 'favoured' in that they 
received a larger proportion of drawing acts via a larger number of 'visits'. Row K 
presents, for all ten subjects, the number of SGAs committed to an individuals' 'top 
three' sketches as a percentage of their total SGA output. This was. potentially, an 
important measure since it may highlight the relative use of revisiting sketches (as 
opposed to starting new sketches) between the phases. In Study I for example. Partner 
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A produced 113 SGAs (from Row 11, Table 8). distributed over 25 Sketches Tablc 7). 
This provided a SGA-to-sketch ratio of 4.5: 1. However 17 of these SGAs were 
applied to drawing number 2.7 (data sheets, Appendix V). In fact 33% (Row K, Table 
8) of his SGA output was contained in three favoured sketches one of which was 
number 2.7 - the others being number 5.1 and number 4.1. Partner D in the same 
study produced 91 SGAs and worked on 25 sketches. His top three most visited 
sketches (measured by volume of SGAs) were the same as his partner (drawings 2.7, 
5.1 and 4.1) but this time they account for 28% of his SGA output. In this study the 
three most visited sketches were also shared sketches (in fact, they were the same 
sketches) but this was not the case in all studies. The data on the pairs in Study 2 and 
Study 5 revealed that their six most visited sketches were also shared sketches but each 
subject exhibited unique permutations of favoured sketches. 
Rows L and : 1i of Table 8 presents the figures for SGAs committed to shared sketches 
(Row M as a percentage of the combined total SGA production for that pair). A mean 
of 61% (SD 14.4) of all SGAs were committed to shared sketches and this is returned 
to in the comparative analysis in the next chapter. 
The distribution of SGAs across sketches is further illuminated by Row N of Table S. 
In Phase Two a mean of 51% (SD 10.8) of sketches was produced with three or less 
SGAs (a mean of 22.8 sketches with three or less SGAs out of a mean production of 
44.6 sketches). These sketches with so few SGAs may be considered the equivalent 
of `thumbnail' sketches in that they are fast and transitory. They too provided a 
potentially useful means of comparing sketch acti%ity between the two phases. Phase 
One was quite rich in this type of sketch output. 
The next chapter presents the comparative analysis of Phase One and Phase Two. it 
speculates on the reasons behind the differences seen in the graphic act research and it 
discusses the research issues of sketching in computer supported design teamworking. 
12.9 Summary of Findings frone Phase Two of the AGA 
Project 
ýº A mean of 47 drawings per study (SD 3.7) was produced (Row E, Table 8) of 
which a mean of 45 were pictorial `sketches' (Row F, Table 8). Of these, 16 
were 'shared sketches' (Row G, Table 8). 
The mean time spent drawing by pairings was 53 minutes 17 seconds (out of X 
120 minutes) (Row D, Table 8). 
4 Between 3 and 5 'pages' were used by each pairing (rabic 5). 
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An assessment of the design quality of the outputs from Phase Two pairings 
produced a mean score of 55' (Row B. Table 8). 
ýº 1095 Graphic Acts took place in total producing a mcan Graphic Act output per 
subject of 109.5 (Fig 4.11). 
" Sketch Graphic Acts (SGAs) accounted for 92% of all Graphic Acts. The 
remainder were Written Graphic Acts (WGAs) (Fig 4.12). 
Various 'profiles' of the distribution of Graphic Acts %vcrc disccmiblc in the 
data such as a 'mirroring' of output bcty, ccn partners (f=ig 4.13). 
61% of SGAs were committed to shared sketches (Row M. Table 8). 
SGA activity was not distributed evenly across sketch output. On average, 
29% of SGAs teere to be found in the three most visited drawings of each 
participant (Row K, Table 8). 
" 51% of all sketches (shared and individual) contained three or less SGAs (Row 
N2, Table 8). These were defined as fast, transitory, `thumbnail' sketches, and 
may be important in collaborative design activity. 
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13.1 Introduction to the Statistical Comparisons 
i la%-ing completed the research described in Chapters Eleven and %-clh-c a comparison 
of the data which emerged from the two phases was undertaken. The data presented in 
Table 3 and Table 8 was central to this comparative analysis. For convenience. Table 3 
and Table 8 have been reproduced in this Chapter as Table 9 (on one fold-out page). It 
was anticipated that some of the comparisons could prove to be insignificant but at the 
outset of the AGA project they seemed to offer plausible avenues of inquiry. 
Table 3 and Table 3 presented the mean value for each row plus the standard deviation 
(SD) indicating dispersion. An initial objective was to obtain a statistical inference from 
the small samples which would indicate, with some measure of confidence, a 
characteristic of the populations concerned. As Siegel & Castellan 0 9SS) confirm: 'A 
common problem for statistical inference is to determine, in terms of a probability. 
whether observed differences between two samples signify that the populations 
sampled are themselves really different'. There are clearly differences between the 
findings of Phase One and Phase Two but could these be due merely to chance or a 
sampling error? The statistical analysis for this project set out to investigate whether 
Phase One and Phase Two were indeed from two different populations. 
Any test for significance had to acknowledge the particular characteristics of this 
research - not least that it used very small samples (six studies in Phase One and five 
studies in Phase Two). While the subjects were all drawn from the same student group 
they were all independent samples, that is, the Phase one and Phase Two studies were 
not formally matched or paired in any other way. Also, the type of data produced by 
the studies influenced the selection of statistical techniques. Parametric tests, for 
example, assume a normal data distribution, indicated graphically by a bcll"shapcd 
distribution curve, and are really only appropriate for nominal data such as event counts 
or timings which do not rely on judgements in the data capture process. Ordinal data 
require an alternative approach - one not based on the means and standard deviations of 
ü parametric tests. These so-called `non-parametric' tests also measure the 
significance of a difference but do so without reference to the sample distribution or the 
population distribution. 
This statistical analysis involved two common and well respected tests . the: -test and 
ttu , 31u mn"11<7ütney test. 
Modern computing technology allows a wide range of 
ssatistical tests to be performed on research data and the almost instantaneous responses 
of computer based statistical programs such as SPSS can potentially lead the unwary to 
perform far too many tests on any data obtained. With this in mind both the : -test and 
t. hc,, %Iann. NVhitncy test were selectively used via SPSS (SPSS for Windows. V8). 
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13.1.1 Statistical Analysis (t"test) 
The t-test is a widely accepted statistical test of significance %hich uses the standard 
crrvr of the differences between means. It is used where samples are independent as 
opposed to related or matched. It is particularly appropriate to small sample studies in 
that it does not place reliance on the standard deviation of a sample reflecting the 
standard deviation of the population. The t-test uses the standard error of the 
differences between means and thus it can reveal significance even where small samples 
arc used. It assumes a much flatter 'normal' distribution curve than related tests (such 
as the z-tcst which uses standard deviation in its calculation) and thus the t-test requires 
greater differences between samples in order to show up as significant. In fact, the 
smaller the samples the greater the differences need to be. This was viewed as a very 
positive quality for this research. Any relevant element which showed up as significant 
, under the t-test was worthy of further exploration. 
13.1.2 Statistical Analysis (Mann- Whitney test) 
in recent years non-parametric statistical techniques have emerged as robust and reliable 
tools for data analysis. Authors such as Siegal & Castellan, referred to above, have 
highlighted the weakness of parametric techniques in that they can require a restrictive 
framework of assumptions concerning the nature of the populations from which any 
observations or data are drawn. Findings from parametric statistical techniques should 
normally contain qualifiers and this has hindered the ability of such techniques to 
present clear and useful findings. Siegel & Castellan have promoted non-parametric 
sta istical techniques for a wide range of applications where stringent assumptions 
about the population are unnecessary or unhelpful. he Mann-Whitney test has been 
promoted by them as an appropriate non-parametric test for studies which consist of a 
tvo. sample case (in this case, proximal and remote conditions) and where individual 
samples are independent (that is, they are not matched or paired). The test consists, 
basically, of a sophisticated rank-ordering system with values attributed according to 
position in the rank order. As with the t-test described above, the Mann-Whitney test is 
used to determine whether two independent groups have been drawn from the same 
population. Siegel & Castellan view the Mann-\Vhitney test as one of the most 
powerful of the non-parametric tests and present it as an alternative to the parametric t- 
test. The Mann-Whitney test was viewed as particularly appropriate for this research 
since it can operate with small sample studies and it can accommodate groups of 
unequal size (in this case comparing the six studies of Phase One with the five studies 
of Phase Two). 
It was most convenient to run both tests on all data and to highlight, in the subsequent 
analysis. which of the two tests was the most relevant for the type of data concerned. 
This had the added advantage of facilitating a comparison of the significance indicators 
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of two eery different tests undertaken on the same data. A full comparison of 
significance for each clement of the data is provided and this is included in the foldout 
Table 9. 
The author was mindful of Type I errors (accepting a difference as significant when it 
was not) and Type II errors (failing to recognise the significance of a difference) with 
the particular data of this project. With this in mind the significance levels were set at 
the 5% level (significant); the 1% level (highly significant) and the 0.1% level (very 
highly significant). The indications of significance arc discussed in the following sub. 
section. 
13.2 Indicators of Significance 
Uhite some elements of Table 9 were central to the rescarrh there werk other elements 
which were not relevant to the analysis. Row C, for example. presents the timings for 
each individual being engaged in graphic activity. The A and 13 pairings could have 
been in any order and therefore no significance was sought. Similarly with Row N 
which presents the total number of Sketch Graphic Acts (SGAs) per subject, and Row 
K which pr sents for each individual the percentage of SGA production found in their 
three most visited sketches. These rows do not form part of this analysis. 
For the remainder of the rows it can be seen from Table 9 there there was a certain 
consistency between tests - even with the exercising of caution regarding the 
appropriateness of the parametric t-tcst on some of the data. Following accepted 
statistical practice the level, not merely the occurrence, of significance is indicated in 
Table 9 using the following scale: 
NS = no significance. 
Ac approaching (significance). 
"= significant. Significance at the 5% level (p<0.05) 
"" highly significant. Significance at the 1% level (p<0.01) 
""* very highly significant. Significance at the 0.1% level (p<0.00 1) 
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CONTAINS 
PULLOUT 
Study Number 
Mean 
1 2 3 4 5 6 (SD) 
A Brief A B A C B C 
B 
Design quality 73 79 79 53 53 63 66.6 assessment rating (90) (12.1) 
Time (MinlSec) A 25.05 11.40 18.33 20.45 24.50 6.55 
C spent in graphic -- - - - - -. 
activity (per subject) B 26.17 20.15 9.22 13.05 15.01 15.20 
Time (Min/Sec) 
D spent in graphic activity 51: 23 31: 55 27: 55 38: 50 39: 51 22: 15 35: 21 
(subjects A+B) 
Number of drawings: 
E pictorial and/or written 85 53 88 61 53 62 
67 
(subjects A+B) (15.6) 
F Number of sketches 71 51 56 56 44 43 
34 
(subjects A+B) (10.3) 
Number of shared 
G sketches _ 
14 13 16 9 12 9 12.2 
(subjects A+B) (2.8) 
Number of SGAs 
A 120 63 76 97 120 44 
H 
(per subject) B 94 100 91 92 65 76 
Number of SGAs 214 163 167 189 185 120 
173 
(subjects A+B) (31.7) 
J 
Mean SGAs per 3.10 3.19 2.98 3.43 4.30 2.79 3.29 sketch (0-5) 
% of SGAs in 3A 21% 32% 38% 43% 45% 29% 
K most visited sketches - - - - - - 32% 
(per subject) B 22% ' 32% 25% 33% 32% 28% 
Number of SGAs 
L committed to 88 30 106 70 99 36 
80 
sketches 
s 
SGAs committed to 
M sketches as a% of each 41% 49% 63% 37% 54% 30% 46% 
pairs' SGA output (12) 
N1 Sketches comprising 55 38 45 41 23 31 
40 
3 or less SGAs (& as a (9,3) 
N % of each pain' 
sketch output) 
(78%) (75%) (80%) (73%) (64%) (72%) (74ý, ,o) 
(5.6) 
Table 9A combined presentation of Table 3 and Table 8 plus indicators of significant differences 
between the two sets of data. 
Study Number 
Mean 
1 2 3 4 5 (SD) 
D E F G D 
43 63 63 53 53 SS 
(8.3) 
30.05 25.25 32.36 31.38 16.31 
27.25 23.04 26.09 25.45 22.29 
57: 30 53: 29 58: 45 57: 43 39: 00 53: 17 
42 50 50 49 44 47 (3.7) 
42 50 41 46 44 43 
(3.6) 
16 20 18 12 14 16 
(3.2) 
113 91 135 115 84 
91 125 64 114 74 
204 216 199 229 158 201 
(26.8) 
4.85 4.32 4.35 4.98 3.59 4.52 
(0.6) 
33% r% 2S% 23% 31% 
- - - - - 29% 2S% 22% 31% 30% 37% 
147 135 148 88 94 122 
r, 9.2) 
72 0 63% 74% 38% 59% 61% 
(14.4) 
23 24 IS 19 30 
23 
(4.3) 
(551c) (43%) (44%) (41%) (68%) 51% 
f 10.81 
_Level 
of Significance 
West Mann-Whitney 
tmt 
NS NS 
** 
* ** 
NS NS 
NS 
NS NS 
** ** 
* A* 
NS NS 
** 
*** 
** 
** 
KEY 
NS   no significance, 
A  approaching (significance). 
*  significant. 
Significance at the 5% level (p<0.05) 
**  highly significant. 
Significance at the 1 level (p<0.01) 
***  very highly significant 
Significance at the 0.1% level (p<0.001) 
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Row B Design quality assessment rating 
Chapter Eleven discussed the generation of these ratings which were presented as 
percentage scores. In Phase Two the mean assessment mark was 22% lower than that 
of Phase One (67% for Phase One and 55% for Phase Two) and this appeared 
promising regarding finding a significant difference. A two-tailed test was relevant for 
this since it was not predicted whether the design quality would go up or down. 
However, both tests revealed 'no significance' (NS). 
Row D Time engaged in graphic activity 
This element presented, for each study, the combined time of subject A and subject B 
being engaged in graphic activity. It was a crude measure of the amount of graphic 
activity being undertaken by each pairing in each condition. Both the t-tcst and the 
Mann-Whitney test were appropriate and both resulted in an indication of significance. 
A two-tailed test was again relevant here since it was not predicted whether the time 
engaged in graphic activity would go up or down between conditions. The t-test found 
a highly significant difference (p<0.01) while the Mann-Whitney test found a 
significant difference (p<0.05). 
The mean time for each condition was surprisingly different - 35 minutes 21 seconds in 
Phase One and 53 minutes 17 seconds in Phase Two (note that these means derive from 
combined timings for both partners and therefore have a maximum of 120 minutes). 
Phase Two participants spent 51% more time making graphic acts than their Phase One 
counterparts. For some reason remote partners needed to make greater use of their 
stylus than would be the case if they were proximal and using traditional pen and paper. 
It might be that sketching was being used to maintain a common focus of attention on 
the monitor screens, that is, it was used as a 'pointing' or 'attention-getting' device. In 
phase one the video records revealed substantial periods of non-sketching activity as 
partners talked or, in some cases, remained in silent and private thought and this partly 
accounted for the lower mean time. When sketching was resumed by one partner in 
proximal collaboration this was immediately obvious to the other via the physical act it 
requires. In the remote condition such body and arm movements were probably less 
apparent and the more frequent use of sketching may have been an attempt to 
compensate for this. There was potentially a greater sense of isolation in the remote 
setting and it would be understandable if sketching was being used to establish and 
maintain a constant contact with the remote partner. 
Row E Number of drawings (pictorial and written) produced by each paring 
Row E presents the total number of drawings produced by each pair in each condition. 
In this row `drawings' included discrete written or numerical entities such as lists as 
well as pictorial sketch imagery. There was a 30% decrease in overall drawing 
production when subject pairs worked in the computer supported remote condition (the 
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mean dropped from 67 drawings to 47 drawings). Both the t"test and the Mann- 
Whitney test were usable and as the direction of change was not anticipated a two-tailed 
test was appropriate. The t-test identified this as significant (p<0.05) and the Mann. 
Whitney test as highly significant (p<0.01). The reduction in output of drawings in 
Phase Two might have been to do with subjects lack of familiarity with computer based 
tools - for example the use of stylus and graphics tablet as input devices. Alternatively 
it might have been related to differences in available drawing space - the proximal 
condition used Al size paper while the remote condition limited participants to a 21" 
monitor (both conditions, however, provided access to as many 'pages' as subjects 
required). It might also indicate a preference to work-up existing sketches, lists, etc, 
rather than instigate new ones. The production of less drawings is not necessarily 
important. It may be that subjects were working more efficiently, especially when one 
considers that no significant difference was found in the design quality assessment. 
Row F Number of sketches produced by each paring 
It was anticipated that not only might the numbers of drawings change between the two 
conditions but that the type of drawings might change also. Row F concerns the 
number of sketches (perspective, isometric etc) produced by each pairing. In spite of 
producing 30% fewer drawings, remote pairings produced only 17% fewer sketches 
and the t"test and the Mann-WVhitney test did not reveal a significant difference. The 
remote pairings were making much less use of written and numerical `drawings' such 
as calculation, lists and word-based mind-maps. Phase One resulted in a total of 402 
such drawings of which 321 were sketches (ratio 1.25 to 1) whereas in Phase Two a 
total of 235 drawings were produced of which 223 were sketches (ratio 1.05 to 1). 
Row G Number of shared sketches produced per paring 
Row G presents the count for the number of shared sketches produced by each pairing. 
The alternative hypothesis under examination was that the number of shared sketches 
would be significantly different between the two conditions. Only the t-test gave any 
indication and this was only `approaching' significance (p=0.061). In spite of 
producing a 17% lower mean number of sketches in the remote condition, the mean 
number of shared sketches was 31% higher. It has already been proposed that pairs 
preferred to work-up existing sketches in the remote setting rather than begin new ones 
- perhaps because in each sketch existed a certain 
level of shared understanding. Thus 
in the remote condition idea development and design progression seemed to proceed via 
a process of `modification' of ideas rather than 'innovation'. While shared sketches 
may be very important to the dynamics of collaboration an over-reliance on shared 
sketches may have a suppressive effect on the progression of a design where they are 
used in place of new sketches. However, the lack of significant difference between 
output qualities of the two conditions would not support this. 
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Row I Number of Sketch Graphic Acts per pairing 
It was anticipated that the use of Sketch Graphic Acts (SGAs) might differ betwcen 
conditions. Therefore the research carefully defined and logged these acts and the 
counts for each pairing appear as Row I. Both the t-test and the Mann-Whitney test 
were relevant. Although there was a 16% greater production of SGAs in Phase Two 
neither test finds any significance. Perhaps remote pairs found the construction of 
SGAs as easy and convenient to produce as those who worked face-to-face and used 
traditional media of pen and paper. 
Row J Mean SGAs per sketch 
While no significant difference was found between the two conditions in respect to 
Row F (number of sketches produced per pairing) and Row I (number of SGAs 
produced per pairing), Row J sought a deeper examination of the relationship between 
the two. It presents for each study the mean number of SGAs per sketch. There were 
37% more SGAs per sketch in Phase Two (mean 3.29, SD 0.5 in Phase One and mean 
4.52, SD 0.6 in Phase Two). Both the Mann-Whitney test and the t-test (two-tailed) 
revealed a highly significant difference between the two conditions (p<0.01). 
However, the mean number of SGAs per sketch can be a potentially misleading 
statistic. SGAs were not spread evenly over all sketches as Row K (percentage of 
SGAs in the three most visited sketches for each subject) and Row N2 (sketches 
comprising three or less SGAs as a percentage of a pairs total sketch production) 
confirm. Nevertheless, given this highly significant difference between the conditions 
one may be confident in identifying a change in use of sketching when subjects were 
placed in the computer mediated setting. They spent more time engaged in sketching 
activity; they made fewer sketches overall; they made fewer sketches but more shared 
sketches and each sketch contained a greater number of Sketch Graphic Acts. 
Row K Percentage of SGAs in the three most visited sketches 
There was close similarity in the overall means for both conditions. However, no test 
was applied to this data. It was interesting to note the very close mirroring of 
percentages between partners in most proximal and remote studies. There is no 
obvious reason behind this. Perhaps a synergy within each pairing acted to regulate 
and unify the application of SGAs. Alternatively, one partner may have dominated the 
other resulting in conformity. Be that as it may, such close similarity between partners 
within pairings, between pairings, and between conditions was noteworthy. 
Row L SGAs committed to shared sketches (perpairing) 
Row G presented the finding that the mean number of shared sketches was 31% higher 
in Phase Two but, possibly due to variance, this was only approaching significance. 
Of interest here was the number of SGAs committed to shared sketches for each 
pairing. The data revealed that 52% more SGA were committed to shared sketches in 
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Phase Two (a mean of 80 SGAs, SD 25, for Phase One; a mean of 122 SGAs, SD 
29.2, for Phase Two). While this was shown to be significant via the t-test (p<0.05) 
and approaching significance via the Mann-Whitney test (pß. 055) these data must be 
approached with caution. In comparing the counts of SGAs committed to shared 
sketches between the two conditions the differences in both the volume of SGAs 
produced (Row I) and the number of shared sketches produced should be taken into 
account. Far more useful was the data presented in Row NI which presents the number 
of SGAs committed to shared sketches as a percentage of total SGA production for 
each pair (plus the mean and standard deviation for each condition). 
Row M SGAs committed to shared sketches as a percentage of total SGA production 
for each pair 
Phase Two saw a 32% increase in the mean SGAs committed to shared sketches where 
this was expressed as a proportion of total SGA output (Phase One 46%, SD 12; Phase 
Two 6110, SD 14.4). However, neither test revealed any statistical significance in the 
difference between the two conditions. Nevertheless, shared sketching is worth noting 
for possible future investigation. 
Row N1 Numbers of sketches comprising three or less SGAs 
The video analysis allowed a clear and unambiguous counting of sketches which 
received three visits or less (by either partner or both). Both the t-test and the Mann- 
WVhitney test were appropriate and both found a highly significant difference between 
the two conditions (p<0.01) in a two-tailed test. The difference between the means 
reveals a Phase Two decrease of 42% in the production of sketches with three or less 
SGAs (Phase One 40%, SD 9.8; Phase Two 23%, SD 4.8). This finding may be 
largely distorted by differences in volume of sketch production and therefore Row N2 
sought a more useful measure by correcting for this. 
Row N2 Number of sketches comprising three or less SGAs expressed as a percentage 
of sketch production for each pairing 
Row N2 takes into account the differing production of sketches between the two 
conditions and it reveals a `real' decline in Phase Two of 3110 of those sketches which 
contain three or less SGAs (Phase One 74%, SD 5.6; Phase Two 5110, SD 10.8) do 
so. The t-test produced a result approaching a very highly significant difference 
(pß. 002) for a two-tailed test while the Mann-Whitney test indicates a highly 
significant difference (p=0.011). 
These sketches which contain three or less SGAs (which may be shared or not shared) 
may be viewed as 'thumbnail' sketches. They will be familiar to most who have been 
engaged in creative graphic work. They are characterised as fast, transitory sketches 
which may be used to communication particular phenomenon (such as the size of a hole 
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or the outline form of an artifact) or as a private, developmental device used in 
conjunction with an internalised creative processes. The findings reveal that these 
thumbnail sketches were much less used in the remote condition but the effect was less 
easy to identify given the lack of significance in the difference in design quality ratings. 
The t-test and the Mann-Whitney test have provided clear evidence of significant 
differences in output between the two conditions. Nevertheless, there were more 
observations concerning the data which usefully informed the conclusions in Chapter 
Fourteen. The following sub-section explores some of these wider observations before 
the final part to Chapter Thirteen. 
13.3 Further Discussion and Speculation 
Chapters Eleven and Twelve proposed the existence of Graphic Act profiles - most 
importantly, SGA profiles. These profiles consisted of peaks and troughs in SGA 
production and they were evident, to a greater or lesser extent, in all studies. 
An important relationship developed between the subjects in the studies. In some 
studies there appeared to be a marked adjustment of the production on GAs by one 
partner in response to the output (or the lack of it) by their partner. In Study 2, Phase 
One, the SGA output was approximately even in the second time band. In the 
subsequent two time bands SGA output decreased for Partner A while for Partner B it 
increased. In the very next time band the situation was reversed with Partner B 
presenting the decrease in SGAs while Partner A was increasing their output. The next 
time band presents another reversal with a high output of SGAs by Partner B. There 
could be two reasons for this. It may be that one partner reduced their sketching 
thereby allowing the other to take the lead. This might have come about if one partner 
had seen no useful way forward or was immersed in contemplation of a particular part 
of the problem space or a proposal. This may consequently have provided 
uninterrupted access the drawing pad and allowed the partner the necessary space and 
time to externalise their thoughts via GAs. The other possibility was that one subject 
took physical control of the drawing pad to such an extent that their partner was forced 
to reduce their sketching activity and thus their output of GAs. This might have come 
about if one subject felt he or she had an insight into the problem or a possible idea for 
resolution. The former might be viewed as `passive', where one partner allowed the 
other to change (usually increase) their output of GAs as a result of inactivity. The 
latter might be viewed as `active' because an increase in GA activity by one partner 
forced a decrease in GA activity by their partner. It was impossible to discern from the 
graphs or the video which of the two causes were operating. All one can reasonably 
say is that there appeared to exist, at certain points, some form of compensatory 
increase or decrease in GA activity between partners. 
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Many of the six studies of Phase One contained situations where one subject became 
animated, leant over the sketchpad and dominated the production of GAs as well as the 
discourse. Typically their partner would lean back in their chair, listen and observe and 
this could last many minutes. There were other occasions where one partner appeared 
deep in thought. He or she was producing no GA output and, more significantly, was 
not attempting any other form of communication such as discourse or eye contact. In 
such a situation the other partner often took the initiative by increasing their WGA or 
SGA activity. Of course, there were also situations when both partners became 
animated together and a process of tum-taking (or to a lesser extent simultaneous 
sketching activity) took place. There also occurred situations where both partners were 
still and these accounted for the joint dips in GA output in some studies (for example, 
time band 7, Study 2 or time band 7, Study 4, both Phase One). 
Studies 3 and 5 in Phase Two displayed their highest production of WGAs in the early 
time bands while other Phase Two studies reveal a modest increase towards the end of 
their hour. WGA activity was low in all Phase Two studies around the middle time 
bands. As with Phase One this resulted from partners beginning their task by analysing 
the problem verbally - making written notes as they clarified and determined the 
problem space, before moving into sketching activity. Similarly where there was an 
increase in (or a return to) the use of WGAs towards the end of a study (as seen in 
Studies 1,4 and 5 of Phase Two) this seemed to arises from subjects annotating a final 
proposal or from listing other design details still requiring attention. Most subjects 
exploited WGAs and the dramatic imbalances in this type of output between partners 
which was seen in Phase One does not appear in Phase Two. 
It is possible that the limitations of such computer mediated collaboration resulted in 
partners agreeing, tacitly or otherwise, to take turns to lead the output of SGAs. It 
might also have been to do with a dominance (temporary or otherwise) of one or other 
partner. It might have been a practical issue in that they simply could not sketch and 
watch their partner at the same time but this would not answer why such turn-taking 
was visible across large chunks of the available time and not homogenised within 
individual time bands. 
The bar chart data which emerged from Phase Two are, in many ways, similar to those 
generated from Phase One (Appendix V). The distinctive profiles seen in Phase One 
can be discerned in the charts of Phase Two. These profiles were discussed in 
Chapters Eleven and Twelve and it was proposed that there existed complex dynamics 
between participants engaged in such collaborative work. Far from seeking to establish 
smooth profiles of SVGA and SGA output, environments aimed at supporting remote 
collaborative design may have to acknowledge the erratic profiles exhibited by the 
Phase One participants. These studies revealed times when participants mirrored each 
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other with their SGA and/or WGA output rising and falling together. At other times 
there existed a distinct opposing of GA output and this might be 'active', as one 
participant forced their partner to reduce output (perhaps by leaning over the drawing 
surface, or using a verbal device for gaining attention) or 'passive', where a lull in 
activity by one partner facilitated an expansion of GA output by the other partner. If 
Phase One profiles of graphic activity represent the preferred graphic output for the 
collaborative resolution of design problems then Phase Two profiles display, perhaps 
for various reasons, impoverishments to such output. Thus Phase Two, with its 
computer mediated condition, seems to indicate a poorer quality of collaboration. 
It might be speculated that sketches and sketching in the remote condition had a more 
significant role in supporting communication between partners. In the proximal setting 
communication via such channels as gesture, eye contact and voice was straightforward 
and sketching appeared to be easy via familiar tools. New sketches were easily made 
and easily explained where they were not clear to the partner. In the remote setting 
communication perhaps required more effort in sending and receiving signals and the 
sketches may have been more difficult to make. Also, it can be speculated that while 
the headset telephones may have been good at supporting spoken dialogue, gestures 
required more effort to exploit them successfully and this effort may have intruded into 
other communicational or creative activity. Sketches in remote designing appeared to 
act to support communication in a far more explicit way than was the case in proximal 
designing. It had been considered that some remote subjects may display a preference, 
after a volume of work has been produced, to work into (and sometimes over) existing 
sketches rather than start new ones. Perhaps this is because existing sketches can 
possess aspects of a shared understanding which might be difficult to achieve if either 
partner were to construct new sketches. The absence of significance arising from the 
statistical tests would suggest no such preference but other tests for this perhaps need to 
be applied. Perhaps such `new' sketches are important to collaborative designing? 
Perhaps to impoverish them is to impoverish the quality of the collaboration and the 
quality of the output. It would certainly seem to be one possible reason for the increase 
in SGAs committed to shared sketches (Rows L&M, Tables 3& 8). 
13.4 Overall Findings of the AGA Project 
* Remote participants spent 51% more time making graphic acts than their proximal 
counterparts. This was statistically significant. Partly this can be explained by 
the existence of extended periods of non-drawing time in the proximal studies. 
* No significance was found in the differences in design quality assessment 
between the two conditions. 
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* There was a 30% decrease in overall drawing production when subject pairs 
worked remotely. This might be associated with a lack of familiarity with the 
computer tools or inherent restrictions such as screen (page) size. 
In spite of producing a 17% lower mean number of sketches in the remote 
condition, the mean number of shared sketches was 31% higher. This suggests 
that remote pairs found it preferable to work-up their own sketches, and those of 
their partner, in their collaborative designing rather than begin new ones. 
* No significant difference was found in the production of Sketch Graphic Acts 
(SGAs). Remote pairs were just as able as proximal pairs to generate these in 
their collaboration designing. 
* There were 37% more SGAs per sketch in the remote condition and, statistically, 
this was highly significant. 
* 52% more SGAs were committed to shared sketches in the remote condition. 
* The remote condition presented a 'highly significant' 42% decrease in the 
production of sketches with three or less SGAs (characterised as 'thumbnail' 
sketches). When this was corrected for variation in overall sketch output there 
was still a 31% decrease in the output of this type of sketch. 
" While the Graphic Act profiles of the remote condition displayed some similar 
features to the profiles resulting from the proximal studies, they did not possess 
the same levels or iterations of activity. 
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Section 4 Summary 
Section 4 presented the ROCOCO project at Loughborough University as a significant 
research project in the field of computer supported collaborative working (CSCW). 
Broadly, it sought to compare the activities and output of pairs of student product 
designers who conducted their collaborative design face-to-face with similar pairs who 
were located remotely but linked by computer mediated audio, video and drawing tools. 
The section has also presented design activity, and particularly industrial design, as an 
appropriate context for research into CSCW. 
The Analysis of Graphic Acts (AGA) project was a complete revisiting of the drawing 
evidence collected by the ROCOCO project and it produced new data. Graphic Acts, 
and particularly Sketch Graphic Acts (SGAs), have been shown to be useful indicators 
for research into drawing within collaborative designing. They can be used to construct 
profiles of sketching activity and they are helpful in determining the extent to which 
sketches are jointly constructed or shared. 
The AGA project exploited parametric and non-parametric tests via the SPSS computer 
based statistical programme in order to identify significant differences in SGA 
production between the proximal and the remote conditions. Remote pairings spent 
51% more time sketching without any significant increase in quality of design output; 
they produced 30% less drawings but 31% more shared sketches; and each shared 
sketch contained a greater number of SGAs when compared to the output of proximal 
pairings. Importantly, output of `thumbnail' sketches (consisting of three or less 
SGAs) was 3110 lower when pairs conducted their design teamworking via computer 
mediated tools. 
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14.1 Drawing and Designing 
The topic of this Programme of research has been drawing and in particular freehand 
drawing or sketching. Sketching plays a part in the social, cultural and economic life of 
many people but this research has focused onto sketching within design activity - 
particularly industrial design. Sketching has been shown to have functions within the 
wider phenomenon of modelling for design and this functionality, and the 
consequential value, needs to be appreciated by two key groups. The first is design 
education, where competition for timetable space from other subjects, and from within 
the subject, has put the teaching of drawing and sketching under pressure. The second 
group includes those who devise and construct the support systems for modern design 
practice, particularly the developers of computer systems which purport to facilitate 
collaborative concept designing. While the two projects within this Programme have 
sought to document the functions and value of sketching for these two groups 
particularly, it is proposed that the research has produced new knowledge which 
illuminates the practice of design. The research may, therefore, be of wider value. 
As part of the conclusion to the Programme the author contacted a number of 
professionals active in modem product design and development. Some of these were 
specifically involved with industrial design. Others had wider developmental 
responsibilities, for example, electronic engineering, but had interaction with industrial 
design activities. Of the respondents, two were from the Motorola Research 
Laboratory at Basingstoke (Kevin McKoen and David Bourne); one was from Black 
and Decker Ltd in Spennymoor, County Durham (Lawrie Cunningham, Industrial 
Design Manager, Consumer Products - Europe); and one was from Sans Design in 
London -a major product consultancy (Robert Woolston, Senior Designer). Each was 
provided with a summary of the findings of the NSEAD project and the AGA project 
and were asked to comment on the findings in relation to a) their own experience of the 
functions and value of sketching in design practice and b) their perceptions of the need 
for, and ability of, computer based systems to support sketching in remote collaborative 
designing. Various comments are included in this Chapter. 
While sketching is perhaps one of humanities oldest means of expression never before 
have we had such a variety of media with which to construct sketches. One 
manifestation of this variety is the increasing power and affordability of computer based 
communication systems for making, saving and transmitting sketch images. Much of 
the developed world now takes for granted the sophisticated technology which enables 
all from the very old to the very young to construct, manipulate and communicate 
sketches on computers and which would appear to rival traditional media such as pencil 
and paper in its convenience and capacity. 
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Designing, and particularly that range of commercially oriented activities undertaken by 
designers of products of mass consumption (including, for example, graphic products 
and industrially mass produced artefacts), has experienced dramatic changes as a result 
of technological developments combined with a heightened need for competitiveness. 
Chapter One has discussed how commercial pressures for reducing expensive lead time 
have operated in parallel with technological developments. These have made computer 
based working almost essential for the product oriented professions and related 
professions such as architecture and engineering. Computer based working allows data 
to be used in various ways. It can be used to generate pictorial information but it can 
also facilitate various types of analysis. Computer based working facilitates the sharing 
of information and it has emerged at the same time as a renewed emphasis on groups 
and the synergistic benefits of teamworking in business and commerce (developed in 
sub-section 14.2). 
This research programme was based on a perception that there could be real problems 
with such a supply led phenomenon. It was felt that little research existed to guide the 
future developers of technological systems for computer based designing in teams. 
Many tools were, and are, being released onto the market by companies who lack 
essential understanding of the nature of creative designing. Even more astonishing, at 
the start of this Programme, was the lack of information about the functions and 
importance of sketching within design activity. It appeared that commercial design 
practice was in danger of being directed by the potentially inadequate tools it used. The 
situation confronting design education was equally disturbing since many design 
curricula, and particularly those in higher education, attempt to address the needs and 
working practices of the design professions who themselves appear to be so dependent 
on the computer industry. The project sponsored by the National Society for Education 
in Art and Design (NSEAD) and the Analysis of Graphic Acts (AGA) project were this 
programmes' response to that perceived need for new knowledge about the value and 
functionality of sketching for designers. They have offered findings concerning the 
relationship of sketching and industrial design within what has been termed computer 
supported design teaznworking. 
Chapter One identified a potential confusion with the term drawing in that it may be 
used as both a noun and a verb. One priority for the drawing research community 
(which is a small but international one) has been to undertake some form of definition 
of terms but to date the subject has defied attempts to establish an agreed taxonomy. 
There is considerable interchangeability in words used to describe drawing as process 
and drawing as output. It has been proposed in this thesis that drawing forms part of 
the wider `language' of modelling, locating drawing research within the wider field of 
design research. Sketching, as a particular subset of drawing, has been shown to 
support communication in much the same way that other, more formalised, drawing 
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conventions can do. However, the potential for sketching to support creative and 
developmental activities dominated the NSEAD transcript analysis since this capacity 
appeared to be the least understood or appreciated outside of the tacit knowledge of the 
design community. Sketching has been shown to make a unique contribution to the 
transformational processes which exploit human cognitive capabilities and external, 
constructed models. This capacity for sketching to support the 'emergence' of ideas is 
currently occupying a number of researchers. It is not just the potential speed of sketch 
generation which assists cognitive processing. The very lack of clarity inherent in 
freehand drawing may be an important catalyst in the creative transformation. 
Ambiguity in sketches is presented as positive, rather than negative, for certain stages 
of the design process. 
14.2 Sketching and Collaborative Designing 
Sketching has been presented as essential to a wide range of professional designers. 
The NSEAD project documented this value thoroughly. These values still pertain when 
designers are required to move from individual working to working in teams but very 
little research exists which attempts to document the use of sketching as a modelling 
device when designers collaborate with others. As noted above, commercial design is 
increasingly becoming a computer based practice and it is also now almost exclusively a 
group activity. There may be lone designers operating in, for example, the crafts or 
fashion world but largely the professions are characterised by teams of specialists with 
particular roles. This has been facilitated by the explosion in communications 
technology providing, for example, cellular phones and facsimile machines, and 
computer based tools providing electronic mail, file sharing, and in some cases 
teleconferencing. 
The 1980s saw a significant increase in group working in business and commerce with 
considerable variations in group size. Where face-to-face meetings were deemed 
necessary, and where individuals operated within the same geographical area, then the 
mechanics of such meetings were straightforward. Increasingly throughout the 1980s, 
potential participants were distributed over distance - mergers between remote 
companies, the use of consultants, the broad distribution of expertise and pressures to 
reduce lead time all worked to make travel by some or all of the participants necessary. 
The objections to travel on the grounds of costs, time, inconvenience and ecological 
unsustainability grew in parallel with the pressures to undertake such travel. Lawrie 
Cunningham at Black and Decker believes: 
`... the use of computer media in teamworking, where the team may be remotely 
distributed, has increased vastly in the last few years and will continue to do so. 
This has been occasioned by the need to convey data between the team (and 
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between teams) in, say, America and Europe, or Europe and the Far East, and it 
is a necessary feature of working globally and concurrently. Extensive use of 
intcrnet and FTP (File Transfer Protocol) communication takes place - this is the 
post-concept phase of a project'. 
While computer based communication within design and development is seen to be on 
the increase it would seem that it is more likely to to be used to support a project once a 
concept is established. This should be viewed alongside a comment from David 
Bourne at Motorola: 
`Sketching is a very good tool for discussing initial concepts. Was can be 
quickly discussed and enhanced. It is also vital in discussions between the 
electrical designer (say) and the mechanical designer to explain limitations of the 
design in terms of functionality or spatial limitations. These can be discussed and 
explained rapidly and with more understanding than with a formal specification'. 
For the design community face-to-face meetings have always been important. They 
have a function at the conception of projects where the quality of the briefing can 
depend on the quality of human interaction. Face-to-face meetings also appear to be 
important to other creative and developmental phases of activity, either between 
designers or between designers and other participants. Part of the importance of face- 
to-face meetings for designers has been their ability to facilitate sketching as part of a 
two-way dialogue. Where such a dialogue is deemed to be unnecessary, or where face- 
to-face meetings are not feasible, then designers have taken very readily to the facsimile 
(fax) machine. The widespread exploitation of fax technology highlights the continuing 
value of pictorial imagery, including sketches, in design activity - particularly where it 
is supplemented by telephone discourse. The exploitation of fax communication also 
highlights an important feature of collaborative design activity. That is, designing 
exploits periods of synchronous activity (communication between participants in real- 
time), and asynchronous activity (communication which is staggered over time). While 
synchronous working has benefits at some stages of the design process, particularly the 
creative and problem-formulating phases, the advantages of tools to support 
asynchronous working for busy professionals who are multi-tasking is obvious. This 
is particularly relevant where activities take place across several time zones. The fax 
machine has proved particularly useful because of its ability to support both 
synchronous and asynchronous working. 
The 1990 have seen the continued development of technological tools to support 
asynchronous and synchronous working within business, commerce and industry. 
These have been increasingly applied to synchronous and asynchronous 
communication within leisure activities. The rate of development has been dramatic. 
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Costs of computer hardware and software have decreased in real terms as the capability 
of machines increases, availability and technical support is rapidly improving, and 
telecommunications developments have facilitated the linking of computers in local and 
global networks. The boundaries between individual working and wider interactivity 
have become blurred. Computer based working now allows individuals to work alone 
or collaborate with others from their work station. Participants can search for 
information held in widely distributed sources via the World Wide Web and can share 
and transfer digital files. The potential for the design community is immense and there 
has been considerable investment in tools which facilitate computer aided design 
(CAD). However these tools are in an early state of development, often placed in 
market places by manufacturers keen to witness the types of exploitation made of new 
features and facilities. Some tools were never intended to support design activity and 
an on-going process of adaptation can be seen. The phenomenon of computer aided 
industrial design (CAID) is one instance of such adaptation where the developers have 
had to rethink the way that computer based tools support the cognitive processes and 
meet the requirements of the industrial design community. 
Clearly computer based tools which facilitate individual working, communication and 
sophisticated collaborative working have applications outside of design. For many 
professions computer based working is a present reality. However, one of the major 
hurdles to the uptake of computer supported collaborative working within the design 
community is the poor match between requirements and facilities which results from the 
low level of research. Where computers seek to emulate existing capabilities then 
acceptance within design is generally high. For example, where an individual creates 
or independently develops CAD files or where computers offer facilities for 
asynchronous working such as electronic mail (email), attached files, or voice mail 
these can be readily integrated into existing practice. Similarly with computer based 
facilities for synchronous working such as an audio channel or the more sophisticated 
teleconference tools for audio and video links. What the design community requires to 
supplement these is an appropriate means of supporting synchronous sketch activity at 
those times when it is required. This will only come about as a result of appropriate 
research and development. Kevin McKoen at Motorola: 
'I would estimate that display technology could be a limiting factor in computer 
supported team design activities. Paper is a cheap, high resolution and high 
contrast, large and light display format which doesn't yet have an electronic 
counterpart'. 
The priority for the drawing research community no longer concerns the value of 
sketching for individuals - it must now focus on the role of sketching within computer 
based environments for what has been termed `computer supported design 
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teamworking' (CSDT). This programme has sought to address this via the NSEAD 
project, which documented the opinions of designers on their individual work and their 
work in teams, and the AGA project which compared the sketching activity of simple 
remote teams undertaking CSDT with others operating in a more traditional, proximal 
context. The findings are intended to support the continued development of CSDT 
environments but may well have application in the broader field of computer supported 
collaborative working. 
14.3 Sketching in Computer Supported Design Teamworking 
The Remote Communication and Collaboration (ROCOCO) project undertaken as a 
multidisciplinary project at Loughborough University between 1988 and 1992 provided 
the rich source of video and drawing evidence for the revisiting process which has been 
titled the Analysis of Graphic Acts (AGA) project. The ROCOCO project determined 
the particular configuration of hardware and software which emulated a sophisticated 
environment for computer supported collaborative working and it defined two broad 
conditions for its studies. It sought to compare pairs of design students collaborating 
proximally on a shared design task with other pairs collaborating remotely but linked by 
computer based tools. For the purpose of the AGA project only the evidence relating to 
the six proximal studies (referred to as Phase One) and five remote studies exploiting all 
the communication tools of headset telephone, video link and shared drawing surface 
(referred to as Phase Two) was used. 
Table 9 in the previous chapter has succinctly highlighted the significant differences 
between Phase One and Phase Two via the AGA project and a detailed commentary 
supplemented this. The research adopted a focus on the comparative output of Graphic 
Acts - particularly Sketch Graphic Acts (SGAs) between remote and proximal pairings. 
Remote participants spent 51% more time making Graphic Acts than their proximal 
counterparts and they displayed a 30% decrease in overall drawing production. When 
pictorial drawings (or sketches) were investigated it was found that in spite of 
producing a 17% lower mean number of sketches in the remote condition, the mean 
number of shared sketches was 31% higher. This suggests that remote pairs found it 
preferable to work-up their own sketches, and those of their partner, in their 
collaborative designing rather than begin new ones 
Interestingly, no significance was found in the differences in design quality assessment 
between the two conditions. However, it is worth noting that three proximal studies 
produced a design quality assessment rating of over 70% while the highest rating for a 
remote study was 63% (Row B, Table 9). There is little evidence to suggest why these 
produced the higher quality rated output within their conditions. The three proximal 
studies which achieved over 70% produced 59% of the shared sketches (Row G, Table 
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9) while the top three ratings of the remote condition (63%, 63% & 53%) produced 
63% of the shared sketches so possibly the sharing of sketches may have assisted 
participants to achieve a better proposal. When the same studies were examined with 
respect to SGAs applied to shared drawings (Row L, Table 9) then 57% of SGA 
production was found in the best three proximal studies, while 61% of SGA production 
was found in the best three remote studies. 
Of the statistically significant findings, the following were highlighted in Chapter 
Thirteen. Pairings in the remote condition produced 37% more SGAs pcr sketch and 
52% more SGAs were committed to shared sketches. There was a 'highly significant' 
42% decrease in the production of sketches with three or less SGAs. When this was 
corrected for variation in overall sketch output there was still a 31% decrease in the 
output of this type of sketch which was characterised as 'thumbnail' sketches in that 
they were fast and transitory with only a fleeting (but potentially vital) function. 
Chapter Thirteen also draw attention to the Graphic Act profiles of the remote condition 
which, while displaying some similar features to the profiles resulting from the 
proximal studies, did not possess the same levels or iterations of activity. 
The mean time spent drawing in each condition has been shown to be significantly 
different - suggesting that for some reason remote partners needed to make greater use 
of their stylus than would be the case if they had been located proximally and used 
traditional pen and paper. It has been proposed that drawing was perhaps being used to 
maintain a common focus of attention on the monitor screens, that is, as a `pointing' or 
`attention-getting' device. The proximal studies revealed substantial periods of non- 
drawing activity. In the remote studies, physical movements were perhaps less 
apparent and the more frequent use of drawing may have been an attempt to compensate 
for this. 
With regard to the 31% decrease in overall drawing production in the remote condition 
this might have been to do with a lack of familiarity with the computer based tools or it 
might have been related to differences in available drawing space. It might also 
highlight a preference to work-up existing drawings rather than instigate new ones. 
producing less drawings overall is not necessarily important. It may be that subjects 
worked more efficiently, especially when one considers that no significant difference 
was found in the design quality assessment. 
In the remote condition idea development and design progression seemed to proceed via 
a process of 'modification' of ideas rather than 'creation'. While shared sketches are 
probably important to the dynamics of design collaboration an over-reliance on shared 
sketches may have a suppressive effect on the progression of a design where they 
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restrict new drawing. Also, it would seem logical that drawings in the remote condition 
had a more significant role in maintaining communication between partners. In the 
proximal setting communication, via such channels as gesture, eye contact and voice, 
was well supported and drawing exploited very familiar tools. New sketches were 
easily made and easily explained where they were not clear to a partner. In the remote 
setting communication had to be worked at - partners had to consciously send and 
receive signals and the sketches would appear to have been far more difficult to make. 
While the headset telephone may have been good at supporting spoken dialogue, 
gestures required more effort to exploit them successfully - and, in attempting this, they 
ran the risk of intruding into other communicational or creative activity. Sketches 
produced in the remote condition seemed to be used to support communication in a far 
more explicit way than was the case in the proximal condition. 
Remote subjects demonstrated a preference to work into (and sometimes over) existing 
sketches rather than start new ones, perhaps because existing drawings contained a 
level of shared understanding difficult to achieve in new sketches. If new sketches arc 
important to collaborative designing then the tools need to support this. 
14.4 Summary of recommendations for CSDT system design 
A system for computer supported design teamworking must offer suitable support of a 
number of communication modes such as voice and gesture. This aspect lies outside 
the remit of this thesis. One of these communication modes (it is actually a mode of 
development as well as communication) is sketching and CSDT systems have yet to 
appropriately support the sketching requirements of its participants. It is here 
recommended that CSDT systems should. 
* offer an interface which does not appear to be complicated. It need not offer 
multiple variations of sketching tools, pages and other related facilities. The input 
devices should offer the flexibility and familiarity of traditional media such as 
pens and paper sketch pads. It should be suitable for use by participants with no 
formal training in sketching - 
* facilitate the construction and development of graphic models such as pictorial 
sketches, written text and mathematical notation as least as well as face-to-face 
drawing which uses traditional media such as pencil and paper 
support teams of participants as well as support individual working. While the 
size of design teams appears to be increasing a CSDT system may not need to 
support all team members at once. 
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* be compatible with the demands of synchronous and asynchronous working 
* support transformational processes involving creative, developmental and 
evaluative strategies in design and development - particularly creative strategies 
for problem formulation and idea generation 
* enable participants to interact simultaneously with any image on display. Graphic 
acts should appear instantaneously on the screens of all participants where 
required to 
* enable switching between pages but, if parallel working on different pages is 
permitted, to facilitate easy finding of their own current output and output (current 
and previous) of other participants as required during teamworking 
* support the ability of participants to attract or maintain attention of a partner or 
partners, and to direct this attention towards a particular drawing 
# facilitate ambiguity in sketches where this is required, and to facilitate clarity 
where this is required 
* facilitate the speedy construction of sketches; the construction of new sketches 
and those sketches comprising of few graphic acts. 
facilitate the sharing of sketches where this is deemed desirable by the participants 
" offer sketch pages at a convenient size to view output - particularly facilitating 
comparisons between sketches on a page and between pages. Face-to-face 
designing still commonly exploits pages of A3 and A2 in size. 
* offer an integrated resource compatible with other CAD, CAID and rapid 
prototyping facilities, plus integration with other information technology tools 
such the World Wide Web and email 
* facilitate intra-organisational worldng; inter-organisational working; and 
international working. 
14.5 Reflections on Design Methods 
At the outset of the Programme it was not at all certain what research methods were 
suitable to a study of drawing activity. The subject itself displayed numerous arbitrary 
divisions. Drawing is manifest in many aspects of the arts and sciences and the 
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purposes for which it is employed vary enormously. This programme has focused on 
sketching as both activity and graphic output and it has done this within a relatively 
small sector - namely design. It is relevant to ask whether information encoded as 
graphic output can ever be adequately expressed in natural language. Drawing and the 
range of human capabilities concerned with drawing which gave rise to the termed 
'graphicacy' as far back as the 1960s (see Balchin & Coleman 1965) appear to have an 
operational relationship with human cognitive processes which is non-verbal. One 
should treat constructions of so-called evidence with caution. 
Laboratory studies of drawing, such as those by Verstijncn (1997) as well as those 
undertaken in the ROCOCO project, may not be representative of the wider population. 
So much depends on the conditions and subjects arthe time of the studies that 
conclusions can be potentially misleading. There is a distinct danger, as with all 
experimental work, that the variable, contextual factors are so all-pervading that the 
findings only have validity for the particular conditions of time and place in which the 
research was conducted. This programme of research exploited two different research 
strategies in two separate projects. The first was an observational study aimed at 
illuminating the functions and value of drawing and sketching for designers. The 
second was a closely controlled comparative study which sought to examine, via 
analyses of graphic activity and graphic acts, the differences in drawing activity 
between proximal collaborative designing and computer supported remote collaborative 
designing. This Programme of research into drawing may be viewed as an inquiry into 
appropriate research methods as well as an inquiry into the functionality of drawing for 
designers. 
The NSEADBerol bursary project was intended as a foundation to a programme which 
had yet to be defined. It had to be divergent and illuminative - to establish boundaries 
to a subject that was ill-defined and it fulfilled this function well. The initial proposal 
was based on subjective and anecdotal evidence regarding a relationship between 
drawing and designing. This was compounded by poor and incomplete articulation of 
drawing via design research publications of the 19SOs. It was believed that design 
practice and design education would benefit from a clearer articulation of drawing and 
sketching. The NSEADBerol bursary project exploited a focused interview technique 
and this proved itself effective for generating relevant material. It has led to over 
twenty papers and conference presentations by the author. It has been influential and 
continues to be cited by eminent researchers in current work (see Archer 1997). The 
full transcripts have been appended to this thesis so that future researchers can construct 
alternative or additional meaning from the raw data. They also provide a complete 
picture of the conduct of the interviews including the nature of the questioning. 
One might reasonably raise questions regarding repeatability of the NSEAD research 
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but the success of the project in making a contribution to knowledge should be 
measured by its ability to highlight functions and values of drawing. The fact that the 
subjects were limited in number and selected by the author does not invalidate the 
findings which make no claim to have discovered all there is to know about the 
phenomenon. Opportunities for rigorous cross-referencing or triangulation of findings 
were limited but each interview understandably influenced the subsequent ones. The 
analysis explicitly avoided any statistical interpretation which would have been 
meaningless given the nature of the subjective responses. 
Research into computer supported collaborative working was influenced by a much 
broader debate regarding research into Human Computer Interaction (HCI). Part of the 
debate concerned the lack of generally accepted opinions regarding the procedures and 
requirements for designing in teams but much of the evidence was extrapolated from 
studies of individual designers and this came to be recognised as limited in its use. For 
the wider research community it became apparent in the mid-1980s that research into 
design teamworking was necessary and by the early 1990s it was identified that `in 
order to understand and support design activity as it actually happens, we must begin to 
appreciate design practice as an intricate and complex social and technical undertaking' 
(Minneman and Leifer 1993). A significant element of research into collaborative 
design work involved attempts to establish understanding of how groups constructed 
and jointly developed the shared models which represented the output of collaborative 
design. Sketching was the focus of a number of studies around the world at this time 
and debate was emerging concerning the relative appropriateness of methods of 
research into sketching (see Wood 1994). There was also growing debate concerning 
the role of sketching in the emergence of ideas and the ability for sketches to represent 
shared understanding. 
The study of sketching activity is not new. It has fascinated theorists and practitioners 
from many fields, particularly the arts, for centuries. However, the advent of powerful 
computer and telecommunication technology has stimulated interest in this rather 
opaque subject. More particularly it has stimulated research into the comparative merits 
of traditional aspects of sketching (for example, using pen and paper) when compared 
to the practice of computer based sketching within synchronous and asynchronous 
systems. The ROCOCO/AGA project was an example of closely controlled laboratory 
studies of computer supported synchronous design teamworking where participants 
were remote. 
The 1990s has seen a process of reflection by this small research community regarding 
the relative merits of research methods for such studies. A broad division exists 
between those who follow a classical cognitive science strategy and choose to conduct 
studies in closely controlled conditions and those whose sympathies lie with research 
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paradigms of the social sciences and who argue that such studies are too intrusive to 
yield valuable information. There is no easy resolution to this debate for the drawing 
research community. If one is attempting to understand the social organisation of work 
then any research which removes most of the context and places 'participants' in a 
'white room' is bound to have its potential limited. However, the potential variability 
in subjects of study may rule out comparisons of the findings from observational 
research. This Programme has attempted to exploit the advantages of both strategies 
while acknowledging the disadvantages. 
Cross et al (1992) has highlighted the weakness of using experimental studies to 
document design procedures. They highlight, with reference to a number of studies, 
the impoverishments to the dynamics which take place within `real' design activity. 
However, The AGA project was not a study of designing; it was a study of the changes 
in drawing activity which took place when pairs of design subjects were moved from 
proximal to remote working and where they had to use computer based tools for any 
sketching activity. It was not an attempt to replicate design as it might be found in the 
outside world and from which conclusions could be generated about computer 
supported design teamworking. It was a particular comparative analysis where the 
variables were substantially controlled in order to learn something about the exploitation 
of drawing within conceptual designing via a process of graphic act analysis. 
With the benefits of hindsight the Rococo studies, on which the AGA project 
depended, would have been tackled differently. Firstly six pairs of subjects would 
have been involved in each condition to overcome the six to five comparison. Ideally 
each study would have used the same brief - or at least the same selection of briefs - for 
each condition so as to reduce opportunities for differences between conditions. Also, 
it would now seem sensible to have used each pairing in both phase One and Phase 
Two to further enhance the confidence in findings concerning differences in output 
between the two conditions. 
14.6 Directions for Future Research 
The commercial availability of tools for computer supported collaborative working has 
generated a broad research interest in the functioning of sketching between distributed 
participants. Research into the exploitation and integration of sketched graphic imagery 
within communication between distributed participants could have value for many fields 
such as education, administration, the military and leisure. One potential application of 
the findings emerging from this programme concerns the use of sketching between 
distributed medical staff. A consultant running a Radiology unit in a major overseas 
hospital uses sketches to communicate with his junior staff. He draws onto x-rays to 
highlight his concerns and to instruct on actions. He wishes to continue his practice of 
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asynchronous working which can be supplemented by the telephone or meetings when 
necessary. Much of his communication is now via electronic mail (email) with the x- 
rays being distributed as attachments to email. The consultant and his staff use 
commercially available applications which do not fully meet their needs. The consultant 
perceives a market for a developed and improved sketching interface relevant to his 
work and this is currently being explored by the author. 
However, it is in the design and design-related professions where new knowledge 
concerning computer based sketching could have the most significant long-term effect. 
Studies of sketching activity within design teams are not common but some of the 
landmark projects have already been discussed in this thesis. While 81y's work 
published in 1988 provides one of the seminal studies of the 1980s, Wood (1994) 
highlights this growing research interest in the sketching activity which takes place 
between designers. Some of these studies exploit industrial design activity and involve 
participants who would refer to themselves as industrial designers (IIallay 1987). 
Other studies are drawn from architecture (Goldschmidt 1991) and mechanical 
engineering (Ullman et al 1990). 
One of the most urgent requirements in this area of research is the construction and 
trialling of new sketching tools. There have been significant developments into stylus 
and tablet technology leading to sophisticated and elegant hardware allowing, for 
example, pressure sensitive surfaces with textures which emulate the feedback of pen 
and paper. Bearing in mind the key findings of the AGA project, new environments 
need to be constructed so that an enhancement of the quantity and quality of sketching 
activity can be further explored. The research presented as the ROCOCO/AGA project 
used student designers for convenience. It would be very useful to reproduce the 
studies with practising and/or experienced designers who may have a very different 
approach to the application of sketch imagery within their work. A development of this 
would be to pick up the issues of Chapter Two and undertake a more ethnographic 
observation of a commercial design situation. Such a study would require the 
construction of a CSDT environment for each individual involved in a selected piece of 
collaborative design and it would have to exist in their normal place of work. This has 
implications for cost, telecommunications infrastructure and technical support but it 
could potentially demonstrate a very different exploitation of sketching with remote 
collaborative designing - one which was less dominated by the educational context 
within which ROCOCO and AGA operated and one, perhaps, which did not seek to 
emulate pen and paper but which facilitated a unique response to modem technological 
capability. 
CSDT environments potentially facilitate more than mere face-to-face meetings between 
two participants. While this was the context for the ROCOCO project there are now 
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numerous commercial examples of multi-user environments. Powerful 
teleconferencing environments can allow individual participants to undertake internet 
based searches and other activities such as file retrieval and then report back to the 
group in real time. Such parallel working is clearly compatible with moves towards 
increased efficiency such as via simultaneous engineering. If the meeting capability and 
the information retrieval capability are combined with powerful computer aided design 
(CAD) and/or computer aided industrial design (CAID) capability then one has a very 
sophisticated commercial tool. The design profession is currently at the stage of 
exploring this capability. It is one which is rapidly expanding - allowing individuals, 
who may be distributed around the globe, a wide range of means of interaction and 
thus freeing people from desk-bound computer workstations in favour of truly 
interactive, spatial environments. Rapid prototyping technology now allows conceptual 
and developed three-dimensional models of artefacts to be constructed simultaneously 
by all participants. These can then be held, evaluated and discussed within a very short 
space of time via the teleconference facility. Add to this the emerging capabilities for 
modelling' virtual' proposals and the context of design practice can be seen to have 
changed out of all recognition from a few decades ago. 
This is where new research is needed. It is the practice of design within multi-user, 
virtual worlds which will characterise the top end of the profession. And yet designers 
will still need to externalise incomplete but emerging ideas for evaluation, development 
and communication. If virtual reality is to become the design tool of the future then 
what is 'virtual sketching'? What form will it take? Do we know enough about the 
relationship between human cognitive processes and sketching with traditional media to 
be able to design the tools for virtual sketching? Undoubtedly sketching is one of 
mankind's oldest means of expression and communication but it is logical to assume 
that its manifestation is closely defined by the media it exploits. If computer supported 
design teamworking is defining a new medium then perhaps new types of sketching 
activity and new types of sketch might result. 
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Appendix I 
NSEAD project interview transcripts 
Transcripts of the interviews conducted for the NSEAD project into Drawing and 
Designing. The analysis of the transcripts appears as Section 3. 
The following people were interviewed between August 1987 and August 1988. 
page 
1 Peter Ashen Furniture Designer & Head of Department A4 
Birmingham Polytechnic. 
2 John Aston Graphic Designer & Head of Department A10 
BBC Television Centre, London. 
3 Roy Axe Director of Concept Engineering A20 
Austin Rover (now Rover Group), Coventry. 
4 Ian Ballantine Architect & Lecturer A30 
Glasgow School of Art. 
5 Clifford Bowen Sculptor & Lecturer A37 
Glasgow School of Art. 
6 Mike Fuller Architect & Director M4 
Rick Wells-Cole Architectural Assistant 
Pick, Everard, Keay and Gimson, Leicester. 
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7 Pamela Howard Theatre Designer & Head of Department A53 
Central School of Art and Design, London. 
8 Patrick Ireland Freelance Illustrator A59 
Maidenhead 
9 Rod Kelly Silversmith A65 
Sheila Kelly Jeweller 
Norfolk. 
10 Imogen Margrie Ceramic Sculptor 
London. 
A73 
11 Sally Matthews Sculptor A77 
Paul O'Leary Product Designer 
Claire Webber Fine Artist 
Loughborough. 
12 Norman McNally Product Designer & Lecturer A87 
Glasgow School of Art. 
13 Dick Powell Product Designer & Director A93 
Richard Seymour Product Designer & Director 
Seymour Powell, London. 
14 Alan Williams Product Designer & Director A107 
David Carter Associates, Warwick. 
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Interview 1 
PETER ASHEN 
Head of Department of Furniture Design, Birmingham Polytechnic. 
Interviewed: 1.2.1988 
SWG: Is drawing an important activity for you ? 
PA: When I came into education it was dominated by Arts and Crafts education. 
The design bit was only just growing and I came in simply as a student of arts and 
crafts under the control of the Ministry of Education. I actually went through a drawing 
course, part of which was called the'drawing year'. Those years eventually wound up 
by developing into the Foundation courses. I wasn't given any particular attitude about 
drawing except that somehow it was good for you. I didn't know how it was going to 
be good for me and it was never explained but on reflection those two years were 
perhaps the two most valuable years of the whole of my education. I went on after that 
to do another three years in design education in Birmingham and another three years at 
the Royal College of Art. Those two years, I recognise now, formed a foundation of 
understanding of the world around me - the development of a visual literacy which 
makes me wonder how students who don't have the period of time to concentrate on 
drawing actually manage, how they catch up on the skills which I have developed. Not 
only the skills of drawing, which was drawing of all types, the subject area exercised 
you in the study of architecture, the history of architecture, life drawing, figure 
drawing, figure composition, anatomy, worked perspective and free perspective. 
These were all separate subject areas that were examined and you did a craft as well. 
The craft came into the drawing as a sort of one-day-a-week activity and we were 
taught the rudiments of working drawings during that period. So drawing at that time 
was not identified as the practice in drawing but the practice in anatomy, architecture, 
figure drawing, observation and composition and this led into the making of pictures. 
Drawing was used as a tool to create a visual literacy over a very wide front including 
the conveying of information in the way that designers convey it. It was that little bit of 
the drawing that I did during those two years which eventually grew into the major 
activity as a designer which was the drawing on the drawing board with a teesquare and 
set-square etc. 
I look on drawing as means of gaining visual literacy. That is, you look at things with 
understanding and what you look at to a degree you can remember but certainly make 
some critical judgment of. If you spent say a hundred hours drawing buildings in a 
historical architectural way you could never look at a building again without noting the 
quality of the brickwork, the quality of the proportion of the windows, and all those 
/ý. 
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factors that make for visual literacy. After those two years of drawing I considered 
myself to be a painter. I was quite good at making furniture but it wasn't a prime 
interest, it was something I was fairly good at. We were all interviewed by the 
Principal of the College at that time to see what we were going to study. I said 
"painting" and he said "Ah! well I think you have done well enough in cabinet making 
to seriously consider that, haven't you? " The outshot of that interview was that he 
persuaded me to become the first student of cabinet making to do the National Diploma 
in Design. I wasn't too dismayed because it is a family background interest. The 
family have come from a furniture making interest. I was interested in it and I was 
fairly good at it. I was very disappointed in the painting thing but I thought there is 
nothing going to stop me painting, I don't have to be a student of painting to carry on 
painting. I knew enough about the business so for the next three years I continued with 
the painting activities, which had directly grown out of the drawing, and the 
development of design which had a very, very strong concentration on drawing 
techniques as a means of conveying information and ideas. 
When I went into the army I continued drawing. I've got sketchbooks full of 
drawings, simply because it was a means of coming to terms with the world around 
me, new landscapes, new situations, new people. It seemed to me a way of making 
contact in a very real way. 
SWG: Drawing seems to have an important reporting and communicating function 
for you but what about its function in the design process ? 
PA: Yes, well that really deals with the second consciousness of what drawing is 
all about. The first happened to me because I was required to do it and it is only in later 
years that I recognised the variety of values. Yes, for the whole of my professional life 
drawing has had a complex way of developing skills and the ability to communicate. I 
think first and foremost one has to say that if you have an idea in your mind, it is very 
rare that idea is seen in the round. The idea may revolve around a structural idea - an 
idea of the use of materials, even some stylistic details that you are interested in, but I 
always maintain that it is incomplete until I have got it down on paper and have drawn it 
from different points of view. As soon as you start drawing it you realise how 
inadequate your mental image is. You think you have got it contained in your mind but 
as soon as you put it down on paper you recognise there are facets of it that you can't ,,. 
really grasp just by thinking about it. So it is the first externalisation of an idea to test 
it. 
I'iaybe you won't want me to talk about that aspect in my teaching at the moment but 
just very, very briefly I often say to my students "When you are drawing you should be 
drawing ideas that are in your head, don't let the pencil do the designing for you. " In 
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other words, a lot of students are quite, at the early stages, vacant of ideas and they 
draw things which they half-remembered hoping that it will gain some stimulus, some 
impetus towards a solution and I think that is a very dangerous and inarticulate way of 
designing. You should be able to sit down and think hard to generate ideas within the 
mind and then start drawing those ideas so that you are testing it against a mental 
image. So it becomes a sort of exploration. Designing is to me a most extraordinary 
occupation. It employs a capacity of the human animal, which we are told the other 
animals don't have, and this is the capacity to envisage, visualise and bring to fruition 
part of that visualisation. It is an extraordinary aptitude when you think that I can sit 
here now and I can think of a design for a chair, whatever material you mention, 
tubular steel, wood, plastic. I could design a chair in my head and think that I have got 
the basis of a good idea. Now, if I was doing this professionally, if someone had 
asked me to design a chair in tubular steel, then I sit down and I draw those ideas. 
Sometimes I realise they are not very good ideas but it is only through the drawing that 
I get the feedback which tells me what is worth developing and what is not. 
SWG: Do you think training in drawing provides that mental capacity ? 
M Yes, because that mental capacity comes in the first place from visual literacy. 
I don't think you can conjure up ideas in your mind about how to construct something, 
how to design something, unless that visual literacy has been awakened in the first 
instance. I doubt very much if that visual literacy would be awakened by doing 
technical drawing, it would be by observational drawing, trying to record what you 
see, not just trying to remember it and record it. It is to do with understanding 
structure. You could never sit down and draw a tree without in the end understanding 
the nature of the growth of that tree. You know the natural forms. If you draw a man- 
made structure, a bridge, you could look at bridges in a vacant sort of way, admire the 
beauty of a bridge in a landscape but if you sit down and draw that bridge you are 
straight away brought face to face with the way it is constructed. In other words the 
material soul of that bridge exposes itself to you in the way it is put together, to create a 
beautiful or an ugly object. You don't always create beauty, of course. So when you 
have had practise at doing that I think then if someone says bridges or chairs or 
whatever, because you have looked long and hard at these things you are then able to 
conjure up reasonably accurate pictures in your mind, not accurate in detail, but 
accurate in overall concept. So I think that drawing in the first instance stimulates that 
ability to visualise ideas. Drawing is immensely complex in the way it interacts with 
designers. 
SWG: In addition to analysis and communication what function does drawing have 
for the creation of ideas? Perhaps there is a case for putting down half-remembered or 
incomplete images so that the drawings and the mind react together ? 
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PA: Yes, I think it is good advice for students to do that, I think it is a sort of 
arrogance on anyone's part when they believe they can think up an idea entirely in their 
head and all they have to do is put it down on paper. That probably leads to most of the 
ugliness in the environment today. Things are not sufficiently tested. When you look 
at things that are successfully conceived and built you find that they have undergone a 
very elaborate development, each stage of which entails modification and development 
of it. A student who thinks he has got it entirely encapsulated in his head and only 
needs to put it down is taking a very arrogant or very ill-educated view of the role of 
drawing. I think that some of the most intelligent minds that I have come across in the 
whole world of art and design are people who are extremely articulate in drawing. 
They tend to use their hands not to wave about but to hold a pencil and illustrate what 
they are talking about. There is a communion between what they are saying and what 
they are visualising and that visualisation often comes out in drawing. Sir Hugh 
Casson is a prime example of that. I worked for a time with Professor Dick Russell 
and he did very little drawing in a formal sense but when he was talking to you he was 
also drawing. In a way he was not only conveying ideas to the people who were 
responsible for developing the designs but he was testing his own ideas at the same 
time. 
SWG: Do you find that you have developed a drawing shorthand over the years ? If 
you were asked to make a cabinet for example, and you did not have to show any 
drawings for it, just a cabinet, what sort of marks would you make on paper to help 
you design and develop it, would it be the same as you did in the past ? 
PA: No, it wouldn't be the same as I did in the past because a lot of the 
information can be contained in a drawing which only I understand structurally. Now 
that doesn't mean to say that they are not drawings, hopefully, of some quality and 
some value. As a matter of fact I've got a pile of these drawings in a drawer 
downstairs which are my own exploratory drawings, which I often show students 
when they are trying to conjure up a design. I say "this is how I work. You don't 
have to work this way, it is just an example of how I work. " Invariably my drawings 
will show a lot more modelling. I work accurately, on a drawing board and while I'm 
drawing it I am actually building it. It is a means of constructing it in my mind. I don't 
put in there all the details -joints etc., because I know where they are going and what 
proportions they will be but if I were doing the same drawing for a company I would 
produce a technical drawing which did show the joints or at least specify them quite 
accurately. The drawings I would do for myself are really rather different from the 
drawings I would do for a client. The drawings I do for clients have not changed 
significantly except let's hope that one's got a bit more practice over the years in 
conveying that information accurately and clearly. Clear information is paramount and 
that is the most difficult thing to do in the early stages of your design career. You take 
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these things for granted but a client will need every piecc of information which is 
necessary to make it, which is very different from drawing for yourself to make things 
for yourself. 
I quite deliberately try not to short-circuit things, if anything I tend to be disciplined and 
think I'll do what I tell my students to do because I don't tell them cynically you should 
draw things before you make them. I know it makes good sense because mistakes will 
become apparent in the drawing stage. One of my little comments when I am working 
with students, particularly the part-timers, the evening-class students, was "You don't 
make anything here until you draw it". I didn't know I was saying this but apparently I 
said it so often it was a bit of a joke amongst the class. Even in the evening class that I 
take I get them to draw their projects. Now this makes me realise why so many bad 
things come to fruition. People feel they don't need to draw, they don't need to explore 
the idea but the drawing process immensely modifies what is thought of an idea. 
SWG: What are your feelings about the nature of design education within schools or 
higher education at present and particularly what role can drawing play in a field that is 
becoming increasingly more technical ? 
PA: This is where I begin to feel strongly about issues. There are strong warning 
signals coming back to me that Craft Design and Technology (CDT) is going well and 
truly up the wrong path. Of all the students that have applied to us, and there are a 
considerable number who have done CDT up to 'A' level, I don't think we have ever 
accepted more than one student and the one we accepted we have regretted. The great 
fault is that the emphasis is enormously towards the methodology, the laborious 
working out of all the technical details, the seeming thoroughness with which the whole 
thing has to be done. It misses out almost entirely on what makes an object worth 
making in the first place - that is, it has something to contribute, that it is beautiful, that 
it is well proportioned. 
We see a succession from CDT courses of the most appallingly designed but incredibly 
well-detailed, ergonomic chairs for example, things that really have a very peripheral 
value to society or even to the students themselves, when they have finished them. So 
I am really quite skeptical about it. It has become an examination subject. I always 
value craft and art and pottery because they are processes which allow the student to 
develop from the creation of an idea, through the development of an idea to its ultimate 
realisation without pressure of an examination. I could look at a hundred folders and if 
forty of them came from CDT advanced level courses and the other sixty came from 
foundation courses, I would pick out the foundation course students straightaway, 
without any hesitation, because they have a flair, an investigative feel for the projects 
they are tackling and you look at the CDT and they are dull, technical, almost totally 
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divorced from the artistic. Now things may change. I realise that a lot of the people 
who have been drawn into the CDT teaching have in fact been themselves trained in a 
narrow craft sense. They are not themselves the creative designers that we would like 
to see working in CDT. So that is why I do put a slight reservation on my own 
comments that given time things could change and might in fact prove to be very good 
if you have got the right minds teaching at CDT level that understood the need to 
explore creative ideas in the first place and not to start this tedious technical 
development until that good idea had been somehow crystallised and drawn out of the 
students. The question that leaves is are the kids mature enough, old enough, 
experienced enough, to be producing designs of that quality. It may be that CDT is 
hitting them too early, that the CDT stages ought still to be the free, exploratory stages. 
SWG: I presume you see drawing as an important part of that ? 
PA: Absolutely, yes. The thing that we always say to schools when we go 
visiting is "what relationship have you got with your art department" and invariably 
there is no relationship. Art has one set of inspectors, CDT and craft has another set of 
inspectors, and because of this the two don't mix. It is difficult because most artists are 
not designers, so just simply teaching drawing is not necessarily going to produce the 
sort of drawing that designers need. 
I have never really separated off technology from my own interest in design because so 
much of it stems from technological interest. I have always been appalled by the 
tendency of some of the rather senior people in the professional world to say that 
design colleges ought to be separated from art colleges. That to me is possibly 
disastrous and the design college has got to include a vast amount of technology. I 
think you have got to be bathed in the technological thing including computer aided 
design where it is appropriate, not as something which supersedes other drawing 
techniques but as a development from it, No, I wouldn't like to see any separation of 
the two. I think the engineers haven't really matched up to what was expected of them 
in the modern world. They have contributed rather grossly to the ugliness of the 
environment because they are visually illiterate people. In the early stages of their 
training they needed really to be mixing with people of artistic skill and to be taught by 
people with artistic skill so that sensitivity - and this is not an appeal for ephemeral or 
meaningless contribution to society - but the beauty of one's environment is immensely ; 
important to the success of the civilisation and poor old engineers have developed 
themselves along the technological path where they are no longer sensitive in the way 
that Brunel was sensitive. Engineers such as Brunel cared about visual and technical 
details such as the width of the brass band around a funnel, things that a sensitive 
designer would care about it. 
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Interview 2 
JOHN ASTON 
Head of Graphic Design, BBC Television Centre, London. 
Interviewed: 21.12.1987 
SWG: While we may wish to talk a little about the activity of communicating ideas 
through drawing, I am particularly interested in the manipulation of ideas using 
drawing. 
JA: Well, first let me say that in recruiting people into this business, into the 
specific craft activity of graphic design for television, we are in the moving-image 
business. Ne put an enormous amount of emphasis on drawing skill. We do not have 
any designers here who cannot draw. There is a quotation that I like that goes 
something like this: Drawing for designers can be compared for its influence with the 
Samurai sword, that it cuts through all argument and indecision and leaves your 
opponent precisely where you want him - astonished and listening to your point of 
view. ' It comes from an ex head of a design group here who swore that it had come 
from some Eastern book, but I know that he made it up. It sums up how all of us feel 
here. The act of drawing is essential for lots of different reasons, you've already 
mentioned communication. 
The designers client here will be a producer, a series editor, a programme controller, 
director. He will be a programme maker. You would expect programme makers to be 
highly visual people. Some are, for example those in drama, music or arts, they may 
know what they are looking at when they look through a lens - know what pictures are 
all about. But there are a hell of a lot of people who make programmes who do not, 
particularly word-oriented people such as journalists. The client is expected to describe 
the parameters of his problem, the designers brief is to solve his problem. In solving 
that problem he must communicate ideas to the producer, its absolutely essential that the 
producer has a very clear understanding of what his designer is going to do for him 
because there is going to be a price tag attached to it, a timescale attached to it, a 
resource budget, a lot of commitment. Once it gets past the pencil and paper stage, you 
are talking about a lot of money, so that pencil and paper stage is very important 
indeed. There is a need to communicate with all kinds of other people, technical co- -' 
ordinators, computer graphics programmers, animators, computer animators, 
illustrators, airbrush artists; the designer as art director must communicate well with all 
of them so there is a need for drawing skills there, but in the creative process it would 
be wrong of me if I said to you that it was an absolute requirement that everyone should 
be a first-rate drawer because some designers can dream dreams in their head and can 
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communicate using all of the skills available but at some stage you've got to get it down 
on paper somewhere. 
Most of the designers, if not all, that we would employ here will begin their thinking 
process through that co-ordination of brain and hand and eye. It is an iterative process 
of making marks on paper. Bearing in mind what I first said to you about moving 
image, there has to be ways in which you can actually visualise moving image. The 
main way is through the storyboard process. So even if you are storyboarding for 
inclusion of live action, one must be able to visualise it and must be able to put it down 
on paper and that process helps to sort out how you are going to do it, what kind of 
approach. So it doesn't matter whether your storyboarding for live action or animation 
or drawing for logotype using letter-form which is just another form of drawing. We 
expect a very high degree of typographic skill, we are graphic designers after all. 
Logotype assumes a great deal of importance in television transmission, the 
establishment of style, corporate identity, or particular programme strands and so on. 
So I guess that's what I want to say to begin with, we do put an enormous amount of 
emphasis on that ability. 
SWG: Do you find that drawing replaces natural language or does it assist in a wider 
relationship ? 
JA: I don't think it can ever replace natural language in our business because the 
relationship that exists between the designer and his client involves a whole team of 
people. One of the other things that we would expect of our designers is that they 
should be articulate, reasonably well educated, in fact very well educated. We are 
dealing with historical topics, topics that are geographically oriented in all parts of the 
world, and so on. We expect people therefore, to have a fairly wide cultural platform 
on which they stand so that they can draw the references from whatever compartment 
of their brain they may have been previously programmed into. So to be able to 
communicate using all skills is very important. It is interesting though, as I am talking 
I can think of at least two or three of our designers that I have enormous admiration for 
who are anything but articulate in terms of natural language but who would have no 
difficulty in communicating with anyone through the act of drawing. 
SWG: Do you still use drawing in your day to day activity ? 
JA: As a design manager I have come through all the levels from young assistant 
through to designer, senior designer, in the ceramics industry, the publishing industry 
and now in television. If I have a problem then I tend to think in terms of drawings and 
I tend to put things down in note form, not in a beautifully ordered and organised series 
of notes but I tend to link things on scraps of paper in very much the same way as if 
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one were working through a design problem. 
It would be quite unthinkable that anyone doing my job was not a designer or who had 
not been a practising designer full-time. There is a need for me to understand the 
design problems and to understand what designers arc doing, to be able to talk with 
them, be critical of them and to be able to intervene if there are difficulties with client 
and so on. I do a lot of talking initially with potential clients. Someone will ring me 
and say 'John can I have a word with you about a projected series' or whatever, and 
this is prior to any other process. As they are talking I am usually doodling, a peculiar 
kind of doodling I suppose, because the one thing I must not allow myself to do is to 
start designing per se because I am going to assign one of our fifty or so designers to it 
and he or she wouldn't thank me very much if I had already caused some prescription 
to happen. So I would be thinking in fairly broad terms which would allow me to 
make a successful marriage. 
SWG: Would you say you were trying to define the problem rather than to rind the 
answer? 
JA: Trying to assist the client in defining the brief, yes, very much so, because it 
is something which quite frequently happens especially with relatively inexperienced 
production people. There are very brilliant producers, directors, who imagine that a 
brief is to say "I want six of these and three of those and paint that yellow and by the 
way I need xyz". One usually says then "please stop defining what you think your 
solution is and try to define what the problem is". What usually happens is I will go 
through and ask lots of questions. There are a lot of questions for which drawing 
doesn't help you very much initially. I will need to know time slot, which channel, 
what's the audience target, what are the budget parameters and so on but you might 
then get beyond that into identifying with the producer actually what his expectations 
arc as far as the programme is concerned, what kind of packaging he is likely to want, 
if any, what kind of spin-offs from that packaging, into pre-publicity, post-publicity, 
posters, hand-outs, invitations, or whatever, whether or not any elements of the 
graphic solutions have got to be translated into scenic elements, whether or not there is 
significant contribution from the designer of the programme to the content, how that 
actually relates to the content material. We could go through a whole list of stuff like 
that so there is a need to begin to help the client focus and in doing that if he is sitting 
with me it is likely that I will pull out a layout pad and there will be all kinds of 
scribbles all over it. I might even allow the client to scribble because the object of that 
exercise is for me to get close enough to be able to assist him in defining, for example, 
what kind of budget parameters we are into, what 
kind of timescale might be 
necessary, or what kind of aptitudes may 
be necessary from the designer who will 
ultimately work with him. 
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I am thinking of a particular case where one of our senior designers is cxtremcly well 
versed in astrophysics. A short while ago we discussed the possibility of this designer 
working on a science show and then we changed our mind because the producer 
preferred to work with someone who had no preconceptions, but who could visualise 
in a different way, dream dreams from a zero start. So there is a need for me to 
understand what the strengths of other people are and also that I will make decisions at 
times on the basis of how well someone might visualise or draw. I have already said 
that we would expect all designers to have good drawing skills, but what does that 
mean ? Visualising skills ? Many of our designers are first-rate illustrators in their own 
right. If I felt that an illustrative approach to a particular problem were necessary, 
where the designer may have enough time to actually use his own drawing skills and 
not just to visualise the product - to be the product, then one might be tempted to make 
that kind of decision. 
SWG: Does that happen very often ? 
JA: Yes, quite frequently. We have designers who are also very good animators 
in their own right. The designer can be a pure art director or he can be someone who 
does it as well, depending on how much time he has got. How much time he has got 
will depend on how much time I am giving him because part of my job is to ensure that 
we have a high level of productivity amongst the design staff. Quite a lot of the time 
though the designer-as-art-director is the person whose concept it is and who is just like 
a furniture designer, or an architect, or a textile designer, dependent on a whole host of 
specialised skills from other people who support the design activity. 
SWG: What about other roles for drawing ? 
JA: If you are having to storyboard for an animator or an illustrator then a wise 
designer will make successive statements that are adequate for the overall control of that 
piece but will not deny the opportunity on the part of the animator or the illustrator to 
put their own ideas into it, to add to it and to surprise you at the end of the day. It is a 
very foolish designer indeed who will attempt to fully storyboard an animation piece for 
a very skilled animator because the one thing that all animators have in common is that 
they are all superb drawers, that's what their business is for heaven's sake! There will 
be other times when the need for very precise and unambiguous drawing will be 
required and often that will be the case even to animators or illustrators when their work 
is only one small ingredient in a larger cake - when you really do need to very clearly 
define style, colour, treatment or whatever. 
I think there is a lot of work that we see today, particularly when one is dealing with 
high tech resources, videographic or computer graphic resources. In reality you know 
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there is no reason why, even in the most complex of resource areas, you cannot 
visualise the output. It depends on a great deal of knowledge on the part of the 
designer just as I guess in furniture, when you are designing a piece of furniture you 
have to have one hell of a knowledge about the materials, so that you know you can 
achieve a joint or bend or whatever. So it is with a lot of the technology that is 
employed in film and particularly videographic technology. You have to have a very 
great knowledge of the resources you are going to use in order to know what you arc 
going to achieve. To free your mind, if you like, to stop thinking about how and only 
think about what. Yet at the same time, just as in any form of drawing, or the arts, if 
you are painting, if you are print-making, if you are painting with ceramics, with glazes 
and so on, then you make use of the accidents and you work with the medium itself and 
there is a similar need in television, to work with the medium. The one thing that the 
new technologies offer to the designer now is that you can actually work with the 
medium itself. That's quite different from designing for the medium and I make that 
quite clear distinction. It's interesting that many of the younger designers like to 
experiment and work with the technology. Sometimes the costs can legislate against it 
because if you are hiring resources at £1500 a day maybe, there is a limit to just how 
much you can go on playing. 
All the designers who are used to working everything out on paper first still prefer to 
do precisely that, by and large. To actually use low cost, low technology, an HB 
pencil on a layout pad to work it all out. But the interesting thing is that the so-called 
high costs of the technology we use is tumbling at a rate of knots all the time so a 
designer can now work with a suite of equipment and have some vague idea of what he 
wants to achieve, maybe it's not so vague, maybe he's got dreams in his head but the 
tendency is more towards working with the gear rather than working with layout pads 
and visualising it beforehand, and maybe there is some reason to be concerned, 
therefore. 
SWG: Does drawing on a computerised system offer the same potential as more 
traditional methods ? 
JA: Yes, of course. The Quantel Paintbox is a typical example of that, a hundred 
thousand quids worth of technology and if you can't draw with it, it's bugger-all use to 
anyone. If I put aside image-making equipment, where you make images through the 
use of your drawing hand and something that looks like a pencil with a bit of wire 
coming out the back of it, then consider all of the other technological devices that either 
make images or manipulate images that haven't got anything to do with the drawing 
hand. They have to do with software programmes and they have to do with knobs and 
buttons and you are working with technicians. Then the designer is sitting and saying 
, this is what I want to achieve, show me' and someone's showing and you're choosing 
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and you could say the act of selection is an act of designing to some extent. 
There are dangers that the tidal wave of technology, and believe me it is a tidal wave 
that is engulfing us, might well discourage people from drawing and encourage them to 
believe that you don't really need all that tacky stuff. We have not noticed that here. 
We have not noticed it because it is very much part of our recruitment policy -I would 
never appoint anyone who had not got very strong drawing skills. It's really rather 
interesting when you look at the sheer ubiquity, the sheer sameness of a lot of 
computer-generated imagery worldwide, this plague of flying, three-dimensional, 
weightless objects glinting and gleaming and turning in three-dimensional space, 
logotypes for banks and building societies, television titles and God knows what else. 
I mean it's all looking the same because the technology makes it possible. If it were 
possible to assemble in one place the very best work from the very best designers in 
this country then you would find that work very largely coming from those who have 
spent their formative years as designers without all that technology. Many well-known 
names in the game and none of them would say any differently from me because most 
of them originated here. Most of them have achieved their success as a result of damn 
good visualising skills. 
SWG: Is it possible to teach that quality or is it something that is God-given -a gift 
which you hope to tap into ? 
M. What a question. Who am Ito tell you or even comment on whether 
something is a gift from God or not. I don't like the term 'creative' because I don't 
know what it means. You know we all know quite a few creative accountants and 
creative school-teachers and all kinds of other people. Creativity is something which 
designers have taken on to themselves as something which is special to them. In the 
advertising industry it is rife, the creative art department, the creative designer. I'm a 
creative designer, the word has been overused. 
%Vhat is it that enables someone to draw well ? God knows, I really don't. I know that 
one can recognise good drawing skills, good visualising skills, good communication 
skills through the act of drawing, however you wish to put it, at a very early age. I 
have two children, one is seventeen, one is fourteen. The fourteen-year-old loves 
music and is good at drama, very good at drama. The seventeen-year-old has no 
musical ear, not in real terms, not more than average and is a good writer but cannot 
perform on the stage awfully well. She draws excellently and has done since she was a 
very young child. If I look back it was quite possible to see the difference between 
those children when they were each three and four years old in terms of their drawing 
skills. I know everything seems easy in retrospect but I really mean it that way. My 
own kids are the only experience I have of being able to witness creativity right from 
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birth in both of them and one has very advanced drawing skills, observation skills 
particularly. They both have identical backgrounds, identical parents, their mother is an 
illustrator and designer. The house is filled with all the things you would expect. We 
have a studio at home. They both have the opportunity to work with decent materials. I 
say decent materials because I think it must be a terribly inhibiting factor for any child at 
school to be working with those powder paints and the awful paper which you get in 
schools, they can't experience the joy of working with nice things. 
SWG: What of the functions for drawing in the wider sphere of education ? 
JA: Well, I think drawing assists creativity, there is no doubt about that. What I 
am questioning is your question about is it a God-given thing. God-given, parent. 
given, I don't know what it is, all I can tell you is that I've got two daughters who went 
until they were 11 years old to the same school, from the same background, with the 
same parents, coming from the same home, and one can draw exceedingly well and the 
other cannot. What that teaches us, I have no idea. I believe it is possible to encourage 
development, which is what teaching is I guess, you can encourage the development of 
skills, but there has got to be something there to start with and you can either suppress 
it and discourage or encourage. There is no doubt about that in my mind. I honestly 
believe that you could take anyone off the street who says 'I can't even draw a straight 
line' and you can prove them wrong. But there is a whole host of difference. I never 
knock those kind of exhibitions that one sees along river banks and in local Town flails 
and so on where you get the local sort of Sunday art club and I think it is all great fun. 
But it is one thing to be able to put together a muddy picture and call it all your own and 
put it in a frame and think'Aren't I good' and Auntie Flo says 'Isn't it lovely, it is just 
as I remember it' and judging things by professional standards. The interesting thing 
about children's work is that it is not only that naivete that we all enjoy and that 
simplicity, I mean I have always believed that the handling of art and design education 
at primary and secondary level has been appalling in this country. I know the Design 
Council is working very hard to correct that. I remember going to a Schools Council 
Conference in York in about 1971, there were two geographers from South 'Vales who 
caused the Schools Council to look closely at graphicacy as they called it, 'graphacy' as 
it should have been called, if you are dealing with numeracy, literacy. Graphacy was 
something which was being entirely neglected, certainly not being taken as any core 
studies. Even when I was at school, a County High School, many years ago, art was 
two periods on a Friday afternoon and it was there for a bit of light relief. 
SWG: What of art and design education now ? 
JA: Well I think design is changing in secondary education now, what is this new 
subject area called ? 
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SWG: CDT; Craft, Design and Technology. 
JA. There is nothing wrong with the concept of that method of teaching, I think 
it's great. The problem from what I have been able to see for myself is that there are 
not too many people that have had this subject thrust upon them within secondary 
education who really know what the hell it is about themselves. I did woodwork and 
art at school. In woodwork you made teapot stands and egg stands, quite literally 
that's what you did so you could learn how to make joints, nobody told us what a good 
design for a teapot stand was, nor were we encouraged to consider what were the 
properties that would be expected. All we knew was that a teapot stand was a 
crisscross piece of wood with a hexagonal piece of ply on top. There is so much you 
could teach, I have never been a teacher, but I've lectured. I know that in my own 
experience in bringing up my own kids and trying to encourage them to think in certain 
ways we used to play silly games. Maths, they never either of them liked maths, I used 
to say 'nonsense maths is not something that you do for homework, maths is in every 
aspect of our lives, there is nothing that you cannot say to me that I cannot prove to you 
that there is maths involved. ' I remember saying that doing the washing up after 
Sunday lunch once and one of the kids said'well there is no maths in washing up' so I 
said'if I fill the bowl to the top and put all the cups and saucers in, what happens, well 
the water comes out doesn't it'. So we used to play games and they used to try and 
catch me out but if you can, it seems to me in the educational process at whatever age 
whether its maths or whether it's drawing, one should encourage problem-solving and 
exploring. 
I'll tell you one of the most awful things that happened in recent years for me here at the 
'Beeb' was when the canteens went a bit up-market and we had proper tablecloths put 
on the tables. I think those have gone in one of the restaurants now and they are all 
For mica tops, but they used to be paper tablecloths and if you were sitting at a table 
with designers and all those things people talked about whether it was an extension they 
were putting on to their house, or a pair of shoes they'd bought or some idea they had 
about something or other or an antique candlestick they had seen down the Bush or 
something, it would be drawn and at the end of lunch this whole damn paper tablecloth 
would be simply covered in drawings not because they are vandals but simply because 
it is the easiest way to talk to people. 
So to encourage that kind of communicative process, to go back to that earlier piece of 
conversation where you were asking me is there other alternatives between words and 
images and whatever, it's all part of the same damn thing and it's facial expression and 
it's body language and it's everything. Even in maths teaching there is very much more 
drawing. If you look at modern maths books there is an awful lot of drawing in it. 
The stuff that my kids use now is full of drawings and maths is about visualising, they 
.' 
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use computers and calculators because the joy is in the visualising. It is veryinteresting 
I was talking to someone some while ago who is a lecturer on an Engineering course at 
Cambridge University. We were talking about visualising skills and the ability to be 
able to take up an engineering idea and describe it in simple terms like describing 
something as being like, say, a rugby football that you might do this with and imagine 
this is happening. I always like sitting in those kinds of meetings where you've got 
designers and lots of other people because if you are in free thought during a meeting 
you know full well the designer is going to be able to visualise very clearly - they arc 
looking for kind of 'primitives' in their head that they can describe situations with. 
This guy from Cambridge was telling me of the requirement to assist some overseas 
students, and particularly from African countries, in visualising skills that were 
essentially European visualising skills. It is a deeply cultural thing. When I take my 
daughter to ballet class I'm surprised at the very few male dancers but there is a social 
stigma to it. In a way I've noticed that too with drawing. If you arc good at drawing 
as a boy in certain schools, in certain situations it's identified as being not awfully 
masculine and again I don't know why the hell that should be but it's something that I 
have noticed. 
We have been talking about all different kinds of drawing, communicative skills, 
visualising skills, but I have said little on observational drawing. Most of the designers 
here draw frequently. Some of them go to life classes, all of them keep sketchbooks, 
notebooks, when they're on holiday they fill sketchbooks etc. 
In this community of 
designers here I cannot say that if you went to every design group out there you'd find 
the same thing, I can only say that there is the ambience here that people do draw. 
I only have the time to draw on holidays. That's when, every single one of us 
contemplate getting the hell out of this crazy business, none of us would be afraid of 
having too much time on our hands, every single one of us would say the same thing, 
be able to do some drawing and painting. It's too easy to say that I know but it's true 
and after a while you become a little concerned to expose yourself 
in this way, I 
wouldn't show anybody anything I have done 
in recent times, it's private, because you 
think it's not good enough. The problem with working in a professional capacity and 
with a lot of ace-pros whose work you enjoy is that 
if you are not doing it all of the 
time you become less good and yet you cannot enjoy that privilege of being less good 
as a result of being very young and inexperienced any more, 
You actually worry a little 
about letting anyone else see your work 
because you know full well they would never 
ever judge you again as an amateur you see, so what 
Auntie Flo can get away with I'm 
not capable of it. 
We have talked a lot on the professional requirement of developing graphic skills but it 
goes a lot deeper then that. I can remember very 
little of the details of history or 
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geography lessons way back when I was at school, but I can remember the scenery I 
painted and I can remember the little scenes I designed for the puppet plays, I can 
remember all that stuff very clearly, not just have some vague memory, very sharp 
images remain in my head. We are not just talking about professional skills and 
drawing assisting designers in that sense. We are talking about life skills and we arc 
talking about those abilities which actually contribute to the totality of our lives, our 
kids lives and those around us. As many other people have said'If any country or 
civilisation is remembered for anything it is remembered for its art'. That too is a cliche 
but it's a truth. 
ý' 
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Interview 3 
ROYDEN AXE 
Director of Concept Engineering, Austin Rover Ltd, Coventry. 
Interviewed: 2.11.1987 
SWG: Could we discuss your use of drawing in the dcvelopmcnt of motor cars. 
That is to say, I would like to explore the various roles that drawing has for you, cithcr 
personally or in your organisation here. 
RA: I think I should start off by explaining the kind of skills we have in this 
particular office. We really are, I suppose, the epitome of craft, design and technology. 
We have sculptural modellers and model makers; we have designers in the industrial 
design sense and then we have quite a lot of engineers who really are responsible for 
the feasibility of the design - taking the design up to a running prototype. This all 
happens within this area, which is quite an interesting spread. Now the drawing in the 
engineering sense, if I can just briefly deal with that, is dealt with by computer these 
days to the point where the physical drawing is not produced very much. We still do 
some of it, because we simply have not had the ability to get all of it onto the computer 
programmes. We are progressively doing that and it will not be long before virtually 
everything is produced as electronic data. I will come back to that because it is not 
quite so cut and dried as that. 
Now there is a bit in the middle which is the creative design and shape of the car that is 
not computerised and we cannot see any way of it being so in the immediate future. 
There simply is no computer programme that can cope with someone illustrating forms 
in space and then converting them into data in a machine. It has to go through some 
process of modelling in order for that to be done. So the designers, those who really 
deal in the traditional skills of illustrating their feelings on paper, do so by what I 
describe as 'caricatures'. They have to sketch, very realistically, the forms and shapes 
they are after on a car design but at the same time have to do a great deal of 
"caricaturising in terms of exaggerating certain features in order to get the point of the 
design or the impact of the design across. In years gone by sketches formed the basis 
of the presentation to the Board and the choice for the car design was made from those 
sketches, but this is no longer the case, certainly not in this office anyway. I am really 
the most senior person they need to go to with the sketch. Interestingly enough, we 
don't show our Board anything but a fully finished fibre glass model which is totally 
and utterly realistic because these people cannot use their imagination. That is the way 
we approach the sketch and the drawing part. Drawing is an extremely important skill 
as far as I am concerned so I am very sad to see the standard of drawing in education 
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falling off. 
SWG: Referring to the engineers and not just the stylists. do you encourage people 
with technical ability to communicate by drawing before they go on to computers or 
even whilst they are on the computer ? 
RA. Well, they do not really need to now. There are two main reasons for 
conversion to computers in this office. First of all there is what I call 'packaging' work 
and that is assembly of the components, including people, into a package around which 
the designer can design. That is something which is obviously very adaptable to 
computer screening because you are dealing with objects, be it human figures or an 
engine and transmission or whatever and you can juggle them around on a computer 
screen perfectly. Drawing, which used to be the way we did it, was obviously an 
incredibly laborious prospect. Once you move something the knock-on effect is 
unbelievable. It takes days to do these sorts of things. Also there were some drawings 
such as orthographic projection type drawings of complex packaging problems that 
were virtually impossible to do. I mean you literally could not find out where you 
were, they were so complex. The computer will separate all that out and make it very, 
very easy to do. 
The other application is when we have a clay model completed and we wish to define 
the surface of that model electronically. That is an interesting process because there arc 
two ways of doing it. One is to define it in a mathematical sense in which case it might 
not be quite the same as the designers intend because the machine has smoothed out 
some areas which the designers may not want to smooth out. They may want a little bit 
of imperfection in there. In fact our system allows that imperfection. It may be a bit 
more laborious but it does allow the operator, the engineer, to faithfully reproduce what 
the model says. When we put these systems in, the surfacing system, we had two 
types of engineers working the machines. We had first of all the traditional layout 
draughtsmen, these are the people who have learnt to draw on the drawing board and 
they have produced full-size draughts of the car. We also have quite a few computer 
engineers, engineers who were trained in the working of the computer and who were 
needed to operate it. Now we needed the two initially because the traditional body 
engineers simply did not know how the machine worked and the other people were at 
least able to show them that. Once they got the hang of it, however, they far out- 
stripped the computer engineers because they saw the way of applying the computer 
programmes to their experience of drawing a body draught which the computer 
engineer had no knowledge of. I mean when it came to putting in a fill-in radius or 
blend radii and things like that the computer guy was completely lost and it was the 
traditional draughtsman who was able to interpret how the machine could do that type 
of work. There was a very good interface and what has happened is that over the last 
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three to four years the computer engineer has faded away and is now in a sort of 
advisory capacity on the technicalities of the machine and the dominant party is the old 
draughtsman, as it were, who is converted now. What is interesting to me is what 
happens in this next generation because we now have a lot of young people who have 
never been on a manual drawing board and never will. We are saying how will we get 
those people up to speed. Perhaps in the early stages they will gain experience from the 
older hands but they will not have experienced drawing. 
SWG: Would it be an advantage for these young people to undertake some sort of 
drawing skills, both technical skills and freehand drawing skills? 
RA: I think an analogy to that is - `do you learn your ten times table if you are to 
operate a computer? ', and the answer to that is obviously 'yes, you have got to'. I 
strongly believe there are basic skills you must get and understand before you can use 
these machines to full effect so I feel very, very strongly indeed that we need to have 
those practical basic beginnings. 
SWG: So you mean by that you need to develop both the technical and the freehand 
sketching ? 
RA: It depends on the individual. I mean it depends on what field he is in. I do 
not think one of these individuals needs to have both although I am very, very strong 
on bringing both the engineer and the industrial designer together so they understand 
each others skills and understand the complementary nature of them because I do not 
like them being separated. 
SWG: I have been looking at the work of Sir Alec Issigonis and particularly his 
drawings. Obviously he was a very good engineer, and yet he was able to 
communicate and manipulate through sketching. Do you think there is still a role for 
that sort of person ? 
RA: Absolutely, I would anticipate that any engineer worth his salt would sketch 
away like that. It is a different kind of drawing. It is a sort of freehand engineering 
drawing and I would like to feel that any engineer in his thinking process would use 
those techniques, I know most of my best people do. They have a little sketch pad and 
they will do things like that and they will doodle around often before they go on the 
screen, which is interesting. 
SWG: Have you found in your experience that engineers have lacked that ability or is 
it a more recent phenomenon ? 
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RA: I think it's beginning to show. I don't think they have in the past because the 
basic skill they required to do their job was the drawing skill. Now there were two 
things which caused problems, one was the educational system putting less emphasis 
on these drawing skills and the fading away of what I call the traditional apprenticeship 
scheme which literally put people's noses to the drawing board for a couple of years. 
So, that is one problem of the fading away which is purely educational and the second 
one of course is that they are simply not called upon when they join industry to do that 
and therefore in many cases a person might be hired for his technical ability on a 
computer. Those are the two reasons we have drifted away. 
I am very concerned at the moment regarding my involvement with education. A 
major problem to me in training aesthetic designers is that I am setting people who have 
done a four-year. degree course and a two-year post-graduate course in industrial 
design transportation who don't really know how a car works in all that time. I mean, 
you would think in six years you could squeeze something in which would show them 
how it works. What we do when we have seconded students into the department for 
the summer vacation we actually put them into our car plants. What we say is that 
rather than do a repeat of what you do at college and work in our studio, go out there 
and find out what it is all about. I think that something like that with drawing might 
prove to be essential in the future. We may have to set up, if you like, a small training 
drawing office so that we can feed these people through it before we put them onto the 
computers as they graduate. They won't like that because students who graduate tend 
to think they know it, don't they, so it is going to be a little hard to say 'you have to go 
back to the beginning', some of them may not be able to do it which is even more 
disturbing. 
SWG: You talked about modelling earlier on. I believe that the relationship between 
drawing and modelling is quite profound in the creation and development of ideas. To 
what extent do you use modelling activity ? 
RA; I believe the designer thinks very definitely in three dimensions. The only 
reason you go through a two-dimensional phase with him is because the process of 
producing a three-dimensional model is extremely cumbersome, time-consuming and 
labour-consuming. Therefore you are asking him to go through a lot of his first 
iterations two-dimensionally, very easily. He can get those out of the way and settle on 
what he really wants to do before getting down to the model. So you have got to hold 
back your resource, if you like, on modelling until you have got something really 
serious you want to do and then you can use it. Three dimensions are the all-important 
thing. It is always very painfully obvious with design students of a few years ago that 
there wasn't the same emphasis, in design education, on three dimensions as there now 
is. They really had a great deal of difficulty when they came into industry in actually 
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getting into that three dimensional mode. The sketch didn't work out in three 
dimensions and they didn't understand why. Often they were good illustrators, but I 
think there is a big difference between an illustration and a design. That is what you arc 
looking for with the two dimensional skills of design, you are looking for the means to 
illustrate a design, and then go into 3D. So 3D is an extremely important part of our 
operation. We put a heavy emphasis on it, we employ a lot of clay modellers, we 
employ a lot of model makers, we have a full-blown fibre-glass shop which turns out a 
large number of fibreglass models every year. We also have, in fact, other ways of 
producing three-dimensional objects within the studio. We have got a very strong 
dependence on three-dimensional models and as I said right at the beginning, only the 
three-dimensional object is shown at the end of the day and it is a very highly 
representative object. 
SWG: Do you think in your industry the clay or fibre-glass model has replaced the 
drawing. I know it has always been important for the last 30 or 40 years but have you 
seen a decline in the slick felt-pen renderings ? 
RA; No, as I said a moment ago, the felt-pen renderings are the germs of the idea 
and you've got to have a lot of that done before you select what goes into 3D. What is 
so difficult to do is the three dimensional representation. When it is complete it has to 
be totally feasible as a car so it's not just a picture. It has to be a verydetailed and 
accurate representation of the car and to get into that you have got to have a very clear 
idea of what you want to do because it is no good going in, hoping everything will 
work all right, because it doesn't. There is a lot of two-dimensional felt-tip work that 
goes on. 
SWG: Do you employ a number of people to give you those ideas, for example 
employing Italian stylists, or is it all in-house ? 
RA: No we don't mind doing that in the general sense but if you go to an Italian 
designer he has his own house-style, if you like. After all that is what you go to him 
for. Now, I could sit down, I think, with my thirty years in this business and sketch 
what I would get from any one of those designers. In fact the biggest danger is that 
they do sell designs to different people, I think there is more of an emphasis on 
developing a Company style. I think in that sense we keep a very good dialogue going 
with the Italian people. I know them all. We talk very frequently. We have put work 
with them but we don't do it very heavily. If I really felt I was bogged down on 
something I wouldn't hesitate to get another viewpoint but I would be very cautious as 
to who I chose to do it. I would be very careful that the brief didn't hold him down too 
strongly and that he would give another viewpoint. 
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We have a complex range, changing all the time so there is always creative work going 
on, and at very high pressure too. There are all kinds of problems really in going to 
other outside operations. Let me explain to you what used to happen years ago when 
design seemed to be part of engineering, rather than an independent thing, such as it is 
now. Usually the designers were left to clean up the mess as it were at the end of the 
day. The engineer would engineer the product for pure engineering reasons without 
any aesthetic considerations at all, and then there would be all sorts of panic. Perhaps 
people wouldn't like the look of it after all, and designers would be brought in or 
stylists would be then called and they had to tidy the thing up and more or less get it 
sorted out. The designers were not given any chance to influence some of the basic 
packaging which affects appearance, proportion and the like. 
Therefore, very often the Board of the Company would get what they considered, quite 
rightly, to be very unsatisfactory results. Then they would go to an outside consultant 
and they would give them a free brief and that consultant would really, when he had 
done it, just wheel the car in at the end of the day and the Board would think that was 
just great. Now he had probably changed quite a lot of fundamental things which was 
forgotten because the car looked so good. They could do that with the outside person, 
but the inside person was constricted. Now things have radically changed in the last 
few years and in an office like this, for example, I get very little interference from the 
Board at all. My job is to design the cars and I am left to do it. This means we can 
bring engineers and designers together and get the best compromises between the 
requirements. They all work together extremely well if you bring them together. This 
constant confrontation between designers and engineers melts away once you get them 
together. It is largely a question of getting everyone to understand what they are about, 
everyone is complementary and it works well. 
SWG: They evidently can't reproduce each others skills but they are sensitive to each 
others contributions. 
Rp; Exactly, well they understand what the other person is doing. There is 
always a feeling amongst the designers that the engineers are bogged down with 
dimensions and details and analytical things which will bring about very stodgy results. 
They don't understand that isn't really what the public is excited about. The public is 
motivated by the desirability of the car, there is no doubt about that. The engineers on 
the other hand consider the designers to be totally impractical beings who don't care so 
long as they get a nice looking car or if they can't get anybody in it. If you keep them 
apart there is this traditional animosity and suspicion. If you bring them together, 
around the model as it is developing, everybody understands everybody else's problem 
- it is miraculous. 
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SWG: So how does your design office operate and how does it bring them together 
because it must be a huge operation ? 
RA: Well, to bring the cars up to the first stage of the prototype we employ 
something like 300 people. A number of those are seconded from engineering who arc 
responsible for taking the finished prototype design to its production and that does 
involve something like 1500 people, but those 1500 people arc ensuring that that design 
gets into production. The 300 people at the beginning, which includes some of these 
people, are the ones that are really responsible for the design and the creation 
of the car. In industry terms 300 people is not a large number. General Motors in the 
United States has probably about 2000 on that kind of thing. In fact you are better off 
with 300 than with 2000 because it makes a much tighter field. How we do it is that 
we have a central core, a central large room in which the models take form and in which 
all the designers are permanently located. Then we have around it various shops for 
fibre glass working, woodworking, for specific engineering tasks, etc. They are 
located on the fringe including places for our suppliers because they bring their goods 
in and work with us. We bring everybody together as they are needed. 
SWG: The model is obviously a catalyst for communication - the designers and 
engineers can go and refer to it. What role does drawing play in these groups 
communicating and developing that one concept ? 
RA; There isn't a lot basically between the engineer and the designer in terms of 
sketching because at that time there is a package produced by the engineer and that is 
the skeleton of the car as I described earlier. The designer is loosely working around 
that but he isn't letting it inhibit him too much. He is exploring what might be wrong 
proportionally with the package and what might be improved and he is also, as I said, 
caricaturising his shapes. Very often his sketch to the uneducated eye doesn't bear 
much relationship perhaps to the package on which he knows he is designing and it 
takes another designer, perhaps myself, to make the final choice and to say 'yes, I can 
see that design will work although it doesn't look like that package there. I know what 
you are trying to do, right we will take that into three dimensions'. There is an 
interaction between the packaging engineer and the designer. Now once we've got that 
sketch, that caricature, it is the basis of a programme of sketching which is the basis of 
the model. Then we put the designer who created that particular design together with 
his team of modellers, there are probably five or six modellers in that particular case, 
and we set about making a full size model of that particular design. To do that, it really 
is a very strong interaction between the designer and the modeller. They together 
really, define the shapes in the final form on the model around all the restrictions that 
are going on in terms of the practicality of what they are putting together. Then all the 
engineers are involved along with manufacturing people and cost people because the 
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final model has to be right in every way. That model is accurate to about half a 
millimetre and it is intended as a perfect representation of what the car will be. 
SWG: How do you see that creative process developing in the next twenty to fifty 
years? Will it remain the same? 
RA: No I think it is going to change quite radically. I think the first step is going 
to be some kind of ability to take data directly from sketches to enable us to make a 
model by other means than the manual method we use now. We have just invested two 
million pounds in a five axis milling machine which is computer driven with data from 
the surfacing of our models, When we build a clay model we surface it - we develop 
the surfaces, we feed that data into our five axis machine and produce an exact replica. 
Now that machine is therefore doing away with a lot of the more mundane modelling 
tasks. So where we had a very large modelling group, of which perhaps a third is what 
I would call the creative/sculptural modellers who work very closely with the designer, 
the other two-thirds were proving out things. They were taking the finished data or 
drawing and they were converting it back into a model so we could see whether it was 
right. Now that machine is doing that for us now, more and more. Therefore that large 
group of modellers will be transformed into a much smaller and more specialised 
group. It changes the emphasis of our modelling task completely. We also feel that 
there are a lot of interior components now. If I use the example of the inside of a 
windshield cover, it is bounded on one side by the windshield and on the other side by 
the door glass. This form is further complicated by the way it touches down on the 
fascia and the way it joins up with the roof lining while the section of it dictated by 
structure and legislation - there is the structural problem of the strength and there is the 
legislation problem of the vision angle. 
All of those problems are an ideal task for the computer to work out because they are 
very complex problems. The computer can wireframe the thing, it can develop the 
surface and we can then convert it into a shaded drawing on the computer. It will show 
you the picture, The computer will generate the light source and so the designer will see 
what he has got - he can design components like that right on the computer. We are 
just starting to do that, we have not done much yet. He can get a shaded drawing on 
the screen and he can say "yes that looks right". He can press his buttons, the five axis 
machine makes it, and there is his bit without any further modelling so if you 
extrapolate that right through to virtually the whole car you can see how progressively 
we can do more and more. 
If you talk to designers about computers they become very excited. The computer is 
the way of the future, the thing therefore a designer should be into. They get very 
excited about it, it's wonderful. But then they are confronted by a keyboard and even if 
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it is a sketch tablet and a light pen, still it is not right, it is not how they can express 
themselves and they have extreme difficulty in doing so. Industrial designers are not as 
analytical and they are not as numerate in some ways. They do not seem to have the 
ability to work keyboards and the like that their engineering colleagues do and therefore 
they are dealing with an alien machine. In my opinion it will require the use of 
holograms to overcome this. I really do, I think that is the only thing that is going to 
enable them to do it. Until that happens we are not going to make any major progress. 
Probably if you are talking twenty years from now I would be fairly confident that we 
will be dealing with full-size holograms by that time and we will be able to develop the 
car before our very eyes, as it were, without it really being there. We would be able to 
walk round it, we would be able to look at it, we would be able to ghost-in the internal 
components and make sure that everything fits, we would be able to have the engineer 
and the designer working together. It will all come together I think in that period. It 
will take at least twenty years, I believe, talking to a number of computer people 
around, and you will end up with individuals who will be very capable of putting the 
whole car together. The interesting question therefore is how many assistants will they 
need? Very, very few I suspect. If you take that a stage further and you say that into 
that system, that core system to design a car, you can link in virtually every one of the 
Company's other systems, for example you can link in a product cost system which 
would effectively analyse each component as it appeared as part of the design, you 
could have almost an instant analysis of what you are doing cost-wise. It immediately 
changes the whole role of the cost man and again you need very few of them. It's all 
linked together, the financial system, market research and design one or two people are 
going to be able to do a hell of a lot. 
SWG: Obviously creativity is going to be a very important asset - the human quality 
which you are going to need in that much smaller environment. How do you envisage 
education should address the problem in developing creativity ? 
RA: It's very tough to really know. The education people have been in this office 
frequently. H. M. Inspectorate in particular has spent a lot of time with us at various 
times and they have said "well, what do you need, what should we be doing, " and I 
say I'm damned if I know. Unfortunately, we are only going to need a very small 
number of the cream of the people and that really does not present any problem to me. 
It is very easy to cream off the top few people and if we need fewer it is going to be 
easier. 
The big problem is what do you do with the rest of them. I don't want them and I am 
not going to need them, therefore what do you do? Where do you channel those people 
into different kinds of creativity. I think we have got to look at the big industries who 
have traditionally not exploited creative potential and small scale concerns who depend 
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on that asset. 
SWG: I would argue that drawing was an excellent way of developing both an 
appreciation of form and the conceptual skills of designing. How do you think 
education should approach this issue ? 
RA: I am with you 100%. I think that it is very important. I was reading this 
research outline you sent me, some of the comments that were made in it were 
absolutely right. On this particular page you refer to Colin Tipping's quote about 
'sketching ability is the single most important factor in developing any general design 
ability'. I agree with that. 
What worries me the most is that even in Art Colleges the biggest single comment made 
by my people when they go into these colleges to work is that there is hardly anybody 
in these colleges who has the basic drawing skills to be able to pass it on to their 
students. In fact I have a son in industrial design college at the moment and he has had 
extreme difficulty finding anyone who can help him. It was only recently when he did 
six months industrial placement in the United States that he got any help to do this. To 
actually be able to draw. Now, American colleges are very heavy on that, I did many 
years in the United States and my son was actually educated in the United States. 
There you could always be sure if you employed a designer from any of the recognised 
Art Colleges in the United States, the one thing you knew they could do was draw. 
There would be very few that would slip through the net that did not have a well 
developed ability. In England I rarely see that ability in Colleges, very rarely, there do 
not seem to be many lecturers who are employed full-time in colleges who have that 
real ability. Most of this, I think, is because a lot of them have never worked in an 
industrial situation although that shouldn't be a problem. I mean if they had been 
educated in the art of drawing they should be able to do it. They cannot. I think there 
is nothing worse than a student who is struggling with his work and he has to wait a 
week until someone comes from industry to actually straighten him out and show him 
how to do it. That is how it is. 
SWG: I think it is particularly bad in the university sector where they rarely even 
value it, let alone exploit it. 
RA; That is exactly right, Universities and the engineering field, as you quite 
rightly point out, it is just not part of their thinking at all. 
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Interview 4 
IAN BALLAMINE 
Architect & Lecturer, Glasgow School of Art 
Interviewed: 14.8.1987 
SWG: Could you tell me something about the naturc of your work and what you try 
to do here at the school ? 
IB: The earliest processes start before the students come to the school. We would 
like to think that the students who apply for the Architecture course already have some 
knowledge of what it is they are applying for. That is, they should have in themselves 
a range of interests which cannot be described merely as intellectual, intuitional, 
aesthetic or emotional but they in fact cover a broad band. The whole process of 
educating young architects really starts in obtaining the right people. If I could draw an 
analogy, you know yourself that the solutions to problems are really much less 
important than problem definition in that if you define the problem incorrectly. you are 
never going to arrive at the right solution. So it is axiomatic that a good solution, a 
solution which satisfies the magical formula of form and content, consists first of all of 
a very accurate definition of what that content might actually be in the broadest possible 
sense of the word. In context in terms of social value, the materials which might be 
used and the means of production. 
SWG: Would you go so far as to say that design is more a question-asking process 
than a question-answering process ? 
ID: Yes, very much so. From long experience I do know that the solution and the 
problem stand magically alongside each other. The whole process of drawing is to do 
with identifying very clearly what the problem actually is. The young students must be 
interested in organisation and management, in administration, in means of production. 
In point of fact they are actually interested in producing something that is not a 
drawing. If I could produce another analogy, a composer who is either composing in 
his mind or composing by rapport with a piano, is not in fact primarily interested in the 
means of production. It is the end product which is calling his mind all the time. His 
musical manuscript, which is similar to an architect twiddling around with pencils and 
models and so forth, is a means of entry into that magical world which he knows at the 
end will be a musical composition. 
So a student has to be very vividly aware of the fact that dra%Ong and model-making 
and conceptualising and experiential things of that sort are working towards an end and 
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at that end is a substantial thing which has social and aesthetic value and technical 
credibility. In recent times architects workloads have been rather slack and there has 
arisen a period of retrenchment in which the architect has taken time to watch what the 
point of his pencil is actually doing. This is in contrast to the very busy years 
immediately after the War when I was in practice and architects were technically 
involved. A great many of these essential values that I have been speaking of were 
totally forgotten about, technique was all that was important, cost, technique, 
production programmes, management, getting things up, social and cultural values 
were largely forgotten, and that was a disaster. Now a little pause has taken place and 
that has allowed, or even encouraged, architects to stop and think a little bit again about 
what the thinking process is between their inner eye as Wordsworth would have said 
and the externalisation of their thought. Unfortunately it has gone to extremes in some 
cases. Those architects who have no work to do have become heavily involved in the 
theory or semantics of architecture and have spent a great deal of time producing very 
beguiling drawings which are very nice, but going back to what I originally said they 
have become ends in themselves and students can become overly influenced by that, 
they can become overly influenced by the beguiling image that someone has drawn. 
I am not a musician, but I have a collection of scores which I like to look at. I can't 
read them, I am not musical, I don't have the language of music, but I can look at them 
and I can tell immediately that this must sound great because it looks great. Now that's 
not a trap for me because I am older, but for a young student it can be a trap, he looks 
at the beguiling drawing and sees it as a means to an end. This school is concerned 
with the formulation of young minds to understand that they live in a three-dimensional 
world that is occupied by people and that primarily, whatever we may think about the 
world philosophically or scientifically, it is the human occupation of time and space that 
is really our problem. Our work is concerned with individuals and it is concerned with 
the collective society. It is therefore concerned with emotional and physical and social 
context and it is concerned with the means of expression of those contexts and that is 
what drawing and model making is all about. It is a research process towards an end. 
In architecture and in other disciplines, drawings vary hugely from empirical sketches, 
schema sketches or thumbnail sketches, right through a process to a very elegant 
production or working drawing. I teach a course on this particular subject and I try to 
impress upon the students the enormous importance of seeing the end in the beginning, 
and in the end seeing the beginning from which it came. It is T. S. Eliott's famous 
quotation, "We will not cease from exploration and the end of that exploration will be to 
return to the place from which we started and recognise it for the first time. " It's this 
great circularity, that you don't keep going forward, you keep going back and forward. 
Drawings to an architect I see as being absolutely sacrosanct in terms of their integrity. 
They should be as exact and precise as a flautist fingering his instrument. You can 
actually become extremely passionate about the accuracy of your production drawings 
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provided they are well founded on very good and interesting Was which they arc 
expressing in a technical manner. However, they are expressing ideas which arc not 
essentially technical, that's the means of production, what they arc actually expressing 
is the finished experience just as a sheet of music is expressed for an audience through 
interpretation by skilled instrumentalists. 
SWG: The essential function of production drawings is to communicate. What othcr 
functions can drawing have ? 
Ig: I think the essential nature of the thumbnail sketch is it gives rise to free 
discourse because it is by definition not a complete object. It is a search object, it can 
therefore be created and de-created very quickly and that is the essence of it, to prevent 
a student from crystallising too quickly. You can do a great deal very quickly. There 
are some students who find it quite difficult to express themselves but nevertheless they 
may have very fine thoughts. Getting the students to come out of their mental shell and 
not to be afraid of making mistakes, that is the essential thing, just as with an 
experiment in a Science Lab, you may learn as much by doing it incorrectly and finding 
that the thing cannot be done as it is in finding out it can be done. It is very nice to find 
out that what you thought was right, but it is equally valuable to find out that what you 
thought was wrong. Instilling in the student the idea that what he must find is his own 
personal expression is very important. He may be a bit ham-fisted to begin with, in 
knowing how to express himself, but that is not ultimately important, because that is 
part of the process. What is important is that he should understand very carefully his 
own limitations and his need to recognise and to analyse his own problems in relation 
to the major problem - the thing which he is addressing. He has to find out and devise 
methods of thinking and methods of designing which will in fact arrive at the product. 
There are many architectural firms who do not search for form in the means of 
drawings. Alvar Aalto, for example, did very, very sketchy, embryonic, schematic 
drawings which were purposely ethereal because he was trying to catch what you could 
only call the `spirit' or the 'essence' of the job. 
He did not wish to compromise 
solution by seizing on form too quickly. The process of the search for form was much, 
much more important. In modern times Utzon is very similar. If you look at his 
drawings they are very, very ethereal, just a little sketch, an idea, a schema. 
Aalto, after that, developed all his schemes through models not through drawings. 
Then what they literally did was draw the models as working drawings, Lasdun in the 
modern era does that too. When he was looking for the form for the Southbank 
complex, which is rather controversial, he said that his office was actually filled with 
models and he had to clear people out of the rooms in order to get more models in. 
SWG: Do you view drawing as two dimensional modelling ? 
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IB: Yes in many ways it is. Drawing and making and understanding. It's a quick 
and convenient externalisation of the thought process. What all students desire to do, 
because they admire perspectives, they want to very quickly attain a facility for 
perspectives. Strangely enough the Mackintosh School has not encouraged perspective 
drawing. You will find a distinct lack of perspective drawing in the Mackintosh School 
because, I think, they are overly beguiling. They arc rather like cartoons of buildings, 
they can take significant bits of the building and overemphasise it, they can play down 
other parts of the building which actually ought to be more carefully referenced, 
identified and studied. Basically our work in the school involves orthographic drawing 
projected into three-dimensional thinking by means of models and computer work and 
also by axonometric and other types of isometric graphics. These arc much more 
important to us than perspectives which we see as a P. R. job rather than a real 
explanation of what the building is about. It has gone into the area of selling, it has left 
the area of real study. I am not attacking perspectives for lacking in integrity but I think 
as part of the design process you are in danger of getting into an area of falseness 
where the image is not really what you are out to find. 
SWG: What is the relationship between learning accepted drawing skills and 
developing a personal, graphic, designing ability ? 
I: Each person has got to find his own way of doing it. Aalto found his own 
way of doing it, at what point in his life he found it I don't know, we all find the 
creative truth within ourselves at different stages in our lives. Some students are 
fortunate enough to find it relatively early, other students don't find it until perhaps 
many years later. As human beings we are highly sentient creatures and our emotions 
and feelings are far more important than our intellect, particularly as creative people. 
The triggers of intellect are recognisable but the triggers of emotion arc not so 
recognisable, much more to do with serendipity. That would be one of the fundamental 
reasons why Alto and certainly the Mackintosh School would try to inculcate in a 
student that the beginnings of form making are not of a technical nature. The 
technology in fact responds to the feeling. There is a very good story which I tell to my 
students. I like to use analogy and I do it because architecture is a kind of priesthood 
and young people don't always which understand the language of architecture. This is 
another thing these chaps who have no work to do have invented, a whole language of 
semantics of architecture which nobody understands. It is a bit like reading theatre 
criticism - you wonder if you have been at the same play ! 
Anyway, analogy. Liszt was a very great piano-teacher, he was one of the greatest 
composers, pianist, and teacher of that particular instrument and a great many young 
people went to him for tuition in master classes. He always used to ask them, "what is 
it you wish me to teach you" and he said that he got a very large number of answers. 
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The common answer was "we wish to learn something of your technique" and he said 
"well in that case I cannot help you because technique flows from the soul and my 
technique flows from my spiritual appreciation of the music. The spiritual appreciation 
of the music comes first, not the technique. if it is technique you with to learn then you 
will have to go and learn that from someone else. " That should be the way to put it in 
architecture or in any field. Who was who said "A great idea deserves a great 
technology and begets a great technology" ? 
The great example of this in our time is the Sidney Opera House competition by Utzon. 
Utzon is a highly sensitive, emotional architect who has considerable technical expertise 
but he does not pretend to be an engineer. He is a first-class conceptualiser of 
architecture and design in its broadest possible sense. I have already quoted him as 
being one of those people who draws images and nothing more than the image. He 
then requires those people who are concerned with technology that they should step out 
of their own skulls almost, certainly over the frontier of what they already know, in 
order to achieve what his mind has expressed to him. Utzon's ability resulted from 
long experience but he also worked through gnostic principles, where if it is felt to be 
right then it is right. It is my prerogative as an artist to say that I do feel it is possible 
and that is why someone like Utzon would never give up until the forces of 
conservatism were so arrayed against him as in Australia, that it eventually broke his 
spirit and he gave up. Someone like Kahn would not have had his spirit broken he 
would have insisted right to the bitter end. He would have stuck with his project, he 
would have forced the technological people, forced the administrative people, forced 
the political people to bend to his poetic will during his lifetime. You see we all bend to 
poetic will ultimately, the problem is doing it in the lifetime of the person who is 
actually giving us the message. This is why so many poets, so many musicians, so 
many artists, so many architects are not powerful influences in their lifetime because 
they are so far ahead, culturally, intellectually and in every other way, that it takes time 
for the ordinary milieu of life to actually come to them. 
SWG: In what particular ways does drawing assist designing activity? 
I: The path between the identification of the problem and the solution is not a 
straight line. It is an endlessly looping curve and the profile for a maturing designer is 
curved with change. A young student coming into the school is always looking back, 
getting a little bit forward, looking back, perhaps even going further back in order to 
get forward again. But with the maturation of the design process, as with the poet who 
no longer has to search for words, the words offer themselves to his mind to express 
his emotions then these problems I think become smaller and in many cases they might 
actually even disappear. So that problem identification and solution become almost 
instantaneous in some mature design minds. They would in fact learn to hold back, to 
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hold the problem in suspension and to allow nothing to crystallise at all until they felt 
that the moment had come for precipitation and that would be maybe a straight line from 
problem identification to solution. A young student always has an ambivalence in his 
mind. He is not only looking for a reasonable solution to the problem, he is also 
looking to pass the course, he is looking to get a good mark, and it is necessary for us 
to reassure the student that process is more important in the earlier days than finished 
products. A project might receive a high rating for integrity of approach but which, 
because of time or some other factor, did not allow him to express his ideas as 
eloquently as he otherwise might have done. We try to reassure him that that another 
student who simply rushes something out in order to get it done is not to be seen as 
being more credit-worthy because he has done the job. Assessment should involve the 
examination of all the students work, put together in a portfolio, at the end of a session. 
At that point some kind of final, collective, holistic assessment would be made of the 
progress of the student. Not a series of marks, one of which would be so bad it would 
arrest him for the rest of the year. 
SWG: Architects appear to be far more verbally articulate about their profession than 
other design disciplines. Should designers rely upon their graphic language only ? 
ID: Wittgenstein said "the limits of my comprehension of the world are limited by 
my language", which is very true because if you think back in your life you will find 
that you cannot remember anything that happened to you before you could speak. With 
most of us our memories go back to the point where we could actually articulate in our 
language the experiences and therefore begin to register them. Almost everything that 
happens to us beyond our language we actually forget, so comprehension is what we 
are after. It is not merely being able to use the language simply in order to say I am not 
dumb, I can use language, its about comprehension. Wittgenstein may have said that 
there is a point where language ceases to be able to express. There are no words which 
can adequately express some emotions. Drawing is a form of language as well, it is a 
form of communication. The form of communication which the architect has to 
articulate is immensely complex. There are many, many complexities involved in the 
thinking process about how a new building or a new environment might take its total 
place successfully in the human scheme of things. What that thing must not be is 
complicated. Complication is not allowable in art, it is not allowable in poetry, it is not 
allowable in literature, it is not allowable in any graphic form, complexity is the thing. 
Complexity is essential in order to enrich the experience but it is not done on the basis 
of complication. The method by which you teach students is through problem 
identification, not simplification. Everything must be reduced to its simplest, but not 
simpler than that. Lying within that simplicity there is a clarity of statement of a 
number of complex issues which are reduced to simple phraseology, both in terms of 
the spoken word in communication and ultimately in terms of the drawing and the 
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actual spatial experience itself. But that thing must not be complicated. If it is 
complicated it is not acceptable to the human mind and quite rightly so. 
SWG: To return to Wittgenstein's definition of language. do you think he might 
include graphic language as a valid extension of natural language? 
ID: Yes he would, I am fairly sure. There have been philosophical artists who 
have tried to express that. I am sure that Klee did express it but there is a limit to what 
language can say for the artist, for the graphic mind, and that the next step has to be 
made in another way, in another form. The musician would say that for him the world 
is expressed through the art of sound, and the poet would say that it is done through the 
art of sound and through the art of language. 
I think that one of the great optimistic occurrences in the world is the way in which all 
the sciences and all the arts of the world are coming together to recognise that 
somewhere lying underneath, is the rhythm of the universe, the music of the spheres. 
This has been referred to throughout recorded history by artists, by scientists, by 
agnostic people and by religion and it is becoming more and more widely accepted. It 
is interesting to see poetic words being used by physicists who talk about charmed 
Quarks, they are lost for language, they have to find an elegant equation in 
mathematics. I said earlier that I know my sheet music is good because it looks good. 
How can a thing look like good music ? Well it must be that there is a factor which is 
not known to me, maybe not known to many people, maybe not known to any of us 
but it is a part of that truth to which we are all aspiring and searching for and as long as 
man exists as a species he will by definition be searching that 'truth' and 'reason'. 
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Interview No 5 
CLIFFORD BOW EN 
Sculptor, Glasgow School of Art. 
Interviewed: 14.8.1987 
SWG: As a sculptor, what does drawing do for you ? What is the relationship 
between the activities of sculpting and drawing ? 
CB: It has a number of relationships. It depends very much upon states of 
development of the work and very often on how familiar I am with considering certain 
ideas and notions. For instance it might have a different function if I haven't managed 
to produce any work for a while, which is often the case in teaching, as opposed to say 
my experience of almost exactly a year ago when I was on sabbatical leave and by this 
time I had been working throughout the summer and had got some momentum going. 
Then drawing began to take on a different kind of function but I still can't say what that 
function is. 
I tend to use drawing very much as a means of working towards a piece of sculpture, a 
way of assimilating information, a way of turning over that information if it is very 
fresh. It is a way of trying things out and sometimes a way of consolidating a theme or 
a thought or even an emotional kind of sense. In some way consolidating before 
beginning a piece of sculpture. That doesn't mean to say that designing a sculpture is 
going to look like this drawing but it is a kind of homing-in and finding a direction but 
in such a way that it will allow the sculpture to grow itself and develop. It's very 
difficult for a sculpture not to grow and develop if you approach it in a certain kind of 
way. Some sculptors, and I say some, tend to make sculpture which is a single point 
of view rather like a painting or a life-drawing, which 
is slightly different. 
SWG: Do you view drawing as modelling and what relationship is there between 
drawing in three dimensions or sketch modelling and drawing in two dimensions ? 
Cg: Yes I think it is possible to argue that it is a similar kind of activity. Drawing, 
unless it is to do with drawing 
for drawing's sake, concerns thinking in relation to 
something that is going to be made, whether 
it is a sculpture or a chair or whatever. It 
is still very much a prepositional stage and I think quite largely conceptual as well. A 
drawing is never going to be a finished object and unfortunately far too much design is 
seen as that -a drawing that is lifted off a page and made 
into three dimensions, but that 
is another argument. 
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SWG: Do you prefer to work through drawing as a means of sensitising yourself to 
the issues or would you prefer to get involved in materials? 
CB: I prefer to get involved in materials. The reason why I get involved in 
drawing is, by and large, training. It is a habit of training. Also partially because it is 
very expedient to draw. One can turn over ideas and that sort of thing much more 
quickly in drawing, one can make propositions to oneself, if you like, you know and 
one can generally test notions and also anticipate problems in drawing, that is in the 
three dimensional form of drawing and so it can be an expedient thing to do, although if 
I had I suppose real choice, and that would mean if I was making all the time, I could 
imagine the position where drawing would play less and less of a part. 
SWG: Is it simply a matter of experience ? 
CB: No, I think - or I hope, that my ability is a natural ability that has been there 
before I thought of myself as being an artist as a separate member of society. I have 
always made things for as long as I can remember, as a very small child, I certainly 
made before I drew, so it is a natural thing to do and I think it is only Art School 
training that put me into a conceptual mood which I find interesting and fascinating 
sometimes. 
SWG: Does your drawing or mark-making, for want of a better term, perform 
important communicative functions or do you use a personal, scribbled shorthand ? 
CB: I do that when I find it necessary. I don't do that kind of thing habitually 
although I recognise precisely what you are talking about. Certainly a lot of my 
students do that and not only the students, I have noticed it is something a lot of people 
do require to do. I use it particularly if I am starting something very fresh and I need to 
just go over it very quickly. Generally speaking I tend to do drawings which are 
ostensibly for myself in that they are communicating about idea in that very close and 
private way of artists, but I have always got a sense of there being another person 
looking over my shoulder who is also going to have to look at it. I try to blend these 
things together, it is much more controlled. don't know whether that again is habit but I 
do find it useful for me. I manage to keep flipping between a subjective way of 
working and an objective way of working. 
SWG: As a designer rather than a sculptor the work of Moore and Giacometti has 
interested me with regard to this research. Do you use drawing as they do ? 
CB: Well, I would be closer to Moore than to Giacometti. Giacometti is quite a 
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good example for your question about modelling as drawing. He does use modelling 
like drawing, although it is still to do with spatial notions, form and multiplicity of 
space. I would be more concerned with organising the surface very directly as opposed 
to keeping it flexible in the way that. Giacometti does. I tend, I suppose more than 
anything, to hint at three-dimensionality rather than trying to consolidate it in 
drawing. I tend to do drawings which are very linear and have flexibility, drawings 
which can be interpreted in a number of ways. Where necessary they indicate a sense 
of form but it is not a really a tight or heavily controlled form. Drawing is only a way 
of getting towards sculpture and allowing the maximum freedom in the sculpture, not to 
determine too much before. Oddly enough many people have said to me that my 
drawings look very much like the sculpture, but I think they tend to naturally say that. 
SWG: Let's turn to another facet of your activities now, that is, your teaching at 
Glasgow School of Art. It seems that you have highlighted certain aspects of designing 
activity that need not refer to drawing as such. How do you approach the area of 
drawing in your teaching ? 
CB: Within education you are dealing with a great variety of students and therefore 
a great variety of sensibilities and methodologies - how you begin with a notion or how 
you might find a notion to work with or how you might direct or develop your work 
and evolve for yourself a working process. This is to do with the student and how well 
it enables him or her to become a creative person. There are as many ways of doing it 
as there are students but they all mix and are, one could say, composed of the same sort 
of components. For some students it may be more appropriate to draw and for other 
students it may be more appropriate to make but I think, educationally, one has to give 
every student the kind of opportunity to find a mix of each for themselves. Particularly 
if someone is a designer, it's seems to me perhaps a necessary attribute to be able to 
draw and propose notions through drawing because again they are expedient and 
people understand them as a language and almost all expect them. 
SWG: Do you view your work as a questioning activity as much as an answering 
activity ? 
CB: Oh yes, I see all fine art as a questioning activity. It's just a constant 
questioning activity and there are no given answers, this is why all creative activity is 
so challenging, so draining and so rewarding. Once it stops becoming a questioning 
activity it ceases to be creative. 
SWG: What is the relationship between questioning and drawing ? Can drawing 
replace natural language ? 
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CB: If you are talking about using drawing as opposed to words I think that is 
perfectly understandable if one is trying to have a discussion about notions which arc to 
do with the kinds of creativity which goes on when you are drawing, or the kind of 
creativity when you are making, or painting, or sculpture, or design. Since the ultimate 
communicative language is not a verbal one, then it seems understandable that people 
should move towards trying to use that particular language as opposed to a verbal one 
as I suppose musicians do. If they want to have a conversation about music, I'm sure 
they would really rather play some notes than use the words. I think it seems perfectly 
understandable that people want to communicate on some level in art and they arc going 
to try to use that an form to get close to that and try to avoid using natural language. 
SWG: With reference to that last point, would you prefer to look through the 
student's sketchbook and play down talking about the work or would you rather have 
the student there discussing his or her objectives without the work. 
CB: This is a real nitty-gritty question because it focuses upon the fundamental 
problems of teaching in an Art School. The first thing that upsets most students when 
they start is the words you use because they don't understand them. Although they 
quickly pick up on them they are extremely reluctant to talk about their work and don't 
understand, in many instances, how they can talk about it. Unfortunately it is the only 
means of communicating that we have - it is certainly the quickest and most expedient 
in most cases. It is only when students, have had enough experience, let's say in the 
case of this department which we are sitting in at the moment, the sculpture department, 
only after a certain period of time has elapsed usually 18 months, two years, sometimes 
even longer, when the students have had enough time to have produced enough work 
that they have enough experience of an entire working process to evolve their own 
understanding of their rhythm in terms of drawing, making, and so on. Not so much in 
terms of talking even though a lot of that goes on. It is only a means to helping this 
other thing along. it is not until that time when one can, often oddly enough by having 
to use words, point to something, making gestures or just using words to indicate that 
It is this bit of the sculpture you are talking about or that bit of the drawing or this 
relationship. Then you find that you can really have discussions with students which 
are to do with the visual or intellectual qualities of the work and it is not really to do 
with words. The only reason we use words is because we have to have a conversation 
but the students very, very quickly understand that you are understanding the work in a 
visual sense. They very quickly understand that their work is visually communicating 
to you. 
SWG: Do you believe it is theoretically possible to have a meaningful discussion 
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with students about sculpture without any reference to sculpture or photographs of 
sculpture? 
CB: Only if they knew the sculpture you were talking about but you could, yes 
one could, have discussions about sculpture with students without referring to specific 
sculpture or slides or books, or photographs, whatever. Of course it is a limited 
exercise. A very classic one which has become a classic in recent years I suppose, one 
which is often used in art schools is to talk about our own bodies, you know, we two 
are sitting here on two chairs and we can talk about the nature of how it feels and what 
our experience of that in the past has been and so on and then we are talking about 
potential sculptural aims and what we can tackle and we can refer to that. It is much 
more real than talking about photographs and books. 
SWG: How do you encourage the development of drawing for students ? What sort 
of experiences do you put their way ? 
CD: It is very difficult to put in a nutshell because we try many things and often 
change these things from year to year. I'll give you an example of a fairly normal kind 
of exercise that we give to students. Most students experience art not through making 
but through drawing. They have to conceptionalise, they are forced to, they can't avoid 
it. They have very little experience of thinking truly in a three-dimensional way. So I 
have on a number of occasions given an exercise, usually a modelling/constructive one. 
It is an exercise in understanding three dimensions and I choose things that seem very 
mundane and for which students have preconceived ideas of how boring they are. I 
would define certain characteristics say within a figure or within a still-life that I want 
certain individuals to become involved with and I ask them to focus on certain kinds of 
relationships. They then have a certain amount of time to model this and with any luck 
they find the modelling they are doing is different from what they expected. It is not a 
copying exercise, it is an interpreting exercise and they begin to deal with certain 
relationships which have evolved from the original problems they were given or ones 
they have now begun to recognise as of interest to themselves. I don't allow the 
students to draw, and a lot of them have a lot of trouble with that, they just can't, you 
know, they have withdrawal symptoms. However the next part of the exercise 
involves drawing the arrangement from the same point of view as the modelling 
exercise earlier. The drawing produced now is an entirely different kind of drawing 
from the one that they, or a controlled group of students would have done. It's entirely 
different because it is informed by the experience of making. 
Sometimes I have let people draw for the first day, and you get the usual soft of 
drawings with no direction, they scribble away hoping that something is going to 
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happen. I then say O. K., you can't draw any more, let's carry on as though the 
exercise had begun without a drawing and then we return to drawing later. It is 
interesting to get the students to discuss the difference between this kind of drawing 
and the drawing they might have anticipated you would have done without the exercise. 
How the drawing demonstrates to you as the person who has done it; how you think. 
let's say, of that three-dimensional object or that group of three-dimensional objects; 
how you anticipate you would tackle it as a problem. 
Drawing is only a skill, which artists of all kinds are normally trying to develop as a 
tool. To draw a parallel with the English language, make a comparison between; let's 
say, developing an experience within a certain kind of material and the effect on how 
one would work with maybe another set of materials which would finally be presented 
in. am not saying this very well, it would be very much better if I said what was really 
in my mind rather than trying to draw comparisons. Not so many years ago I decided I 
wanted to do a series of small bronzes and in order to do this I had to learn something 
about bronze casting. I have always been a modeller of some kind -a constructivist. I 
knew about modelling in casting as I have had a very broad experience of it in a number 
of materials. I began to model, then I did a cast in bronze. 
The experience of going through the whole process of casting in bronze and having the 
finished object in bronze completely changed the way that I modelled for the next 
bronze, therefore the information I had gathered about the process had an effect on how 
I worked towards an end product in that process. So that's forgetting drawing, I mean 
drawing in some cases has a very important part to play. 
SWG: You say that drawing can have an effect on the finished item, have you 
experienced the use of deliberate ambiguity through drawing ? 
CB: No, in a sense I am reinforcing. An understanding of the material that you are 
finally going to produce your product in, will affect every part of the process you go 
through, it can include the drawing but it doesn't necessarily have to include the 
drawing. For example I have a piece here. In the development of this I did not draw it, 
I just made it. At no stage was that a drawing. What I'm saying is it is the material, the 
practice of using and understanding and experience of using the material, which is 
really the most important part. Drawing is merely the tool. 
SWG: I accept that. Has drawing ever played a major formative role in the 
development of your work? Have there been occasions when drawing has totally 
changed the way you saw something, maybe some happy chance when a drawing has 
evoked something that you knew was just what you wanted? 
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CB: I can answer yes to that, but I don't know whether it might not have happened 
without the drawing anyway. That sounds very complicated. For me, the process of 
creation is very much a collection of events which are to do with making, materials, 
drawing and so on. But on another level it is concerned with trying to achieve an 
intensity of concentration and drawing I think is one of the parts of the process which 
can allow you to do that. However I don't think it is absolutely necessary to have 
drawing in order to do it, although I recognise that it has happened on a large number 
of occasions that in trying to solve a problem that has to do with three dimensions I use 
drawing and use it very successfully. The only reason I am doubting it is that in my 
experience as someone who has been involved in creative processes, I often go back to 
using drawing because I don't normally have enough time to make a sculpture. If I 
know that I have two months to do something rather than six then the pressure's on. 
and I use drawing because it's a quicker way of turning over something. Ideally I 
would go straight into making a sculpture. Nevertheless I acknowledge that in Art 
Schools today we perpetually draw. Some of the reasons we have already discussed 
but it is also concerned with the idea of the Renaissance nur,: - to be flexible. 
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interview 6 
MIKE FULLER 
Architect, Pick, Everard, Keay & Gimson, Leicester. 
RICK WELLS-COLE 
Architectural Assistant, Pick, Everard, Keay & Gimson, Leicester. 
Interviewed: 17.2.1988 
SWG: Can we first talk about what functions drawing performs for you. 
M¢: What a question. I always draw and it is close to my heart as well. We get an 
awful lot of graduate architects who can't draw, which is interesting because in 
architecture most of it is straight lines, they should be able to use a straight edge. One 
is trained to draw in orthographic projection, isometric or in perspective and a lot of 
people who can't draw learn to formalise their ideas in that way. I'm a bit different in 
that I can't remember a time when I haven't drawn. I like painting and drawing, it is 
the sort of thing I do as a pastime. As for architecture I am sure that I use it 90% of the 
time to communicate ideas. It is something I have spent a long time thinking about, do 
I have an idea in my mind which I then put on paper or do I explore an idea in lines on 
paper. I suspect the truth lies somewhere in between. You have a visual idea which is 
ill-defined or abstract and you try and produce a less abstract demonstration of what 
you are thinking about by putting it on paper. I have spent a lot of time actually 
thinking about just the sort of research you are doing. How does an architect think up a 
building, think of the design. I don't honestly know how I do it. 
RWC: When I was training I certainly found that people who could draw tended to 
fare much better than people who couldn't and certainly the people who were the best 
artists within the year turned out to be the best architects in terms of the way they create 
buildings, they were the most adventurous and often the most confident. 
SWG. Does technical skill in drawing have a relationship with creative ability 
h, ¢; I think it has something to do with the way you view the world. When you 
do draw you look at things much more thoroughly in a much more concentrated way 
than if you don't draw. I know that. I spent four years going to the Adult College of 
Education here in Leicester doing life classes and portraiture. Initially this was to 
improve my freehand technique of drawing and I found it incredibly difficult at first. I 
could draw architectural, geometrical things perfectly happily but when it came to 
making a human form or a face look realistic the degree of precision and observation 
that was necessary was far more intense than I had ever really conceived. If I was to 
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draw you I would spend hours just looking at every single tiny little shade and shadow. 
Architects always look at buildings, when they arc walking down a strcct they arc 
looking at the street scene, not just at eye level. 
RWC: Nowadays I am always looking. 
MF: When you are going around you look at things. I think we scc things 
probably in a more detailed and intensive way than a person who has not been trained 
or is not interested in three-dimensional design. 
RWC: I think that is the key to it. It brings in the third dimension. You can be an 
architect and do a design in two dimensions on a drawing board but it is very difficult 
to design in three dimensions unless you are competent at drawing. 
MF: Absolutely. The other problem is such drawing is using communication, the 
communication of ideas. The vast majority of people we show our ideas to in two- 
dimensional form, i. e. a drawing, don't understand what they are looking at. We tend 
to tie in graphic interpretation with a completely 'idiosyncratic language. Most people 
would not refer to a building facade as an elevation and yet we bandy these words 
around, plans, perception, elevation, projection, axonometric, orthographic. It's a 
complete language which the majority of people just haven't any idea about and I think 
you have to be very careful when you are talking as o what sort of language you use as 
well as what sort of drawing you show. But the pencil, that's my principal means of 
communication. 
As Rick said, the people who can draw turn out to be the best designers. They have 
this sort of inbuilt ability, they have been drawing ever since they can remember. I 
don't know whether those people who can't draw have the same brilliant ideas as 
somebody who can. It's a bit like somebody who can't write. There's been a book 
published recently by a spastic who can't communicate in any way at all but he's 
managed by using his head and a prodder to write a book. It shows that inside there is 
a guy with tremendous creative talent and understanding of the world, a very fine 
understanding but until he got his typewriter and this thing on his head he couldn't tell 
anybody about it. I think that's possibly similar to the facility offered by a pencil some 
people. How else can you communicate a three-dimensional idea other than by 
drawing it, or building it as a model which takes so long and is so expensive if you are 
in a commercial situation. 
SWG: What about the role of mathematical notation ? 
h¢: Yes, using mathematical co-ordinates. In fact we are becoming involved in 
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that area with the use of computers which only think or operate in terms of co- 
ordinates. We are having to get very much more aware of referencing lines or planes in 
space to bases or starting points. That is something which is growing very rapidly. 
RWC: I'm more mathematical in a way. When using a computer you have to tic 
everything down to a fixed point and you give co-ordinates for every line you draw. It 
takes away the fluidity of a pencil. I'm not talking about art, I'm concentrating on 
architecture which is a very precise sort of art. It's very difficult to design buildings 
with abstract shapes, different textures and colours and so on. I reckon that a good 
painting is about 70% accident and you can have a lovely happy accident and ruin it the 
next second by putting a wrong brush-stroke on, it changes the expression of a guy 
from a smile to something else. 
SWG: Is creative drawing very limited today ? 
M¢: I think it depends very much on what sort of person you are, which in the 
long run determines what sort of organisation you work for and what sort of work you 
may be engaged on. 99% of the profession in architecture are engaged upon making a 
living by designing fairly mediocre buildings for money. 1% are engaged in producing 
fine architecture. We would all like to think we are engaged in producing fine 
architecture and we do try to get some way towards it but when you get to my age and 
you've been in the thing as long as I have, about 30 years, you become more realistic. 
There is plenty of room for originality and for a bit of fun. I think we have over the 
past few years when I have been working for Sainsbury's. You've seen some of the 
stuff we've done. The group I am in charge of design supermarkets. You might think 
there is not much scope in supermarkets. I often think there isn't myself. The client 
knows precisely what he wants but we have had a lot of fun. Most of the fun is going 
to end up in the bin but it has been fun. We start each new project trying to sweep 
aside all the preconceptions, unless it is a rush job where we have got to produce 
something within a very short deadline. But if you've got a little bit of time then it is 
nice to just play with some ideas. 
SWG: How do you play with ideas ? 
; N¢: On paper. I wish I could show you. The first lot of Norwich drawings I did. 
There were seven A3 sheets which I just spent sort of doodling really. just playing with 
ideas, thinking about supermarkets, people pushing trolleys and this sort of thing. I 
came up with some building forms and ideas which I took up to Sainsbury's and 
strangely enough, this is another thing which I have definitely discovered and can say 
with absolute positive conviction; ever since I was a student, you are handed a problem 
that says you've got to design a supermarket or a hotel or a shop or something and it 
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gives you the requirements in terms of how big it is, the floor area, maybe a site. I've 
talked to a lot of people about this, you have an idea on the back of an envelope or 
something, as you read what is required, shapes and ideas form in my mind and I very 
often put those down, very crude forms, just a few lines. I have of ten then swept 
them aside because I know I haven't absorbed all the problem. You then go away, do 
your research. look in the latest glossy magazines and all this sort of thing and slowly 
agonise, agonise, agonise over the thing, throwing paper away, sketching away, 
nothing comes together, nothing works, no ideas, until suddenly you wake up in the 
middle of the night or you draw a line on a piece of paper - we'll put a wall along there 
and we'll run the entrance here - and the whole thing begins to sort of assemble itself 
very, very, rapidly. The grid works out, the structure begins to work, the windows, 
you know it forms itself into a three-dimensional design very rapidly. It's very 
exciting. 
The strange thing is, when you go back and look at that initial idea which you had 
before you had really absorbed the problem, the similarity is quite extraordinary. Now 
I would love to know how the mind works. Is that rooted in the subconscious as a 
preconception which then, as you build up all the information you need, all the 
parameters that are needed - and there are a lot of them for a building - you 
subconsciously force them into that preconceived idea or is it that it was the right idea, 
somehow the brain has managed to absorb the main parameters of the design and 
instantly trumped up an appropriate solution. I don't know. It would be a very 
interesting line to follow. 
SWG: Is it important to draw from the very beginning of a project ? 
; N¢: Is drawing any different actually from writing, or calculation on a blackboard. 
When you watch physicists working together they come up with the most incredible, 
abstract designs, formal diagrams of how atoms and molecules join together. They are 
thinking in original terms all of the time and that is the form they choose to 
communicate in and to play about with, to manipulate. rubbing bits out, putting bits in. 
SWG: Is drawing taught formally in architecture these days ? 
MF: It used to be, when I was a student, but that was in the 1950's. They didn't 
allocate a lot of time to it. We had a life class twice a week which would have been 
probably about four hours altogether. We had to do painstaking drawing exercises in 
terms of geometry and understanding the casting of shadows. We had things we had to 
do called 'testimonies of study', we had to do one in various subjects and they took 
weeks to prepare. Draw an Ionic column and then cast all the shadows on it 
geometrically. You can do it but it takes weeks. It taught you a lot though. In a way 
Appendix I NSEAD project transcripts Fuller/ IVells-Cole A47 
it wasn't bad, that sort of classical way of going about things. It taught you to look at 
things. It taught you to use your eyes and understand. I remember I chose a sphere, a 
pyramid, a cone, a cylinder and a cube, those five objects. Generally they were 
arranged and then you had the light coming from 45 degrees from the left and 45 
degrees on plan and you had to draw the elevation, the plan and a side elevation, the 
three projections of that, with all the shadows cast on the surfaces and cast one upon 
the other so you would get the shadow of a pyramid falling on a cone which presented 
quite interesting problems. I finally ended up building a model of it and taking it to the 
photography department and setting it up with floodlight to sec what happened with the 
shadows in order to draw it. Again it was good exercise you see, tremendous exercise 
in seeing how this thing worked in space. 
RWC: All they teach now are ways of improving your presentation, plans and 
elevations with very little fundamental drawing. When I went to Nottingham we were 
told that Art didn't count. You had to have two 'A' levels but Art didn't count at all 
which was extraordinary. I keep on having to remind everybody that architecture is 1% 
designing and 99% nitty-gritty chores like answering the telephone, writing letters, 
getting the thing organised, getting it built. A supermarket, for example, the sort that 
we are building - roughly seven million pounds worth of building. It's built in a year 
from start-on-site to completion and if we are lucky, if we are not knocked about too 
much, it takes about a year prior to that from the start date to get to the point where it 
goes on site. Design-time is a very small fraction of that 24 months. A very small 
fraction. 
SWG: VVhat should architectural design education focus upon, encouraging a 
creative capability or developing a technical competence ? 
MP I would have a two-stream system. There is a choice of doing a B. Sc or a 
g. A in architecture in some polytechnics so you have the science orientated guys going 
off to sites of buildings etc., the arts orientated ones going off into design of buildings 
but it's a blurred and unreal distinction. I'd like to see two streams, the business 
architect, the one who drives the desk and the architecture architect, who drives the 
drawing board and does the concept. That is probably too loose a division. 
SWG: Do you see architecture as a blend of arts and science'? 
N¢: Yes, it's a blend of everything. It's not just science, it's social science, it's 
history, it's art, it's a blend of everything. This is why it's so misunderstood. Each 
individual out there has his own idea of what architecture is. If he's a builder then it's 
bricks and mortar, if he's a social worker then it's a place for living in, it's an 
environment containing a unit or units of individuals. If he's a scientist it's an 
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environment which has temperatures and degrees of lighting and so on and if he's an 
engineer it has stresses and strains which arc being transmitted down to the earth. They 
all look at it I'm sure in their own understanding of what a building is. We try and look 
at it in all those aspects, obviously we do employ specialists to work out the 
engineering, the environmental engineering and so on, but we are, and still arc, the 
leader of the team and point them and guide them in the direction we think it ought to 
go. It is always teamwork. 
SWG: Let us consider computers then. What arc and what will computers do for the 
architecture profession ? 
RWC: I'd like to think you can do anything with them. The problem is, I think it's 
very efficient at doing the more mundane tasks. I think a lot of it is people's attitude 
because it's a new medium and people don't see it as creative. They see it as a sort of 
workhorse. I mean architects have been trained now for thirty or forty years working 
on drawing boards with, pencils and they can't just change over to working with 
computers overnight. It's going to be a longer process. 
SWG: Do you know of any architectural groups who are really exploiting the 
potential of computers ? 
RWC: I know of people like Arup. They've got about 25 workstations now. They 
produce some of the slickest, the most thought-out buildings you could imagine. 
MF: And they also produce an awful lot of very mundane ones which never get 
into the glossies, you never see them. That's the bread and butter. They produce a 
couple of buildings a year which bring the rewards. 
RWC: But I think ultimately the computer should improve architecture. 
ME: I'm sure they will. We've had CAD now for just about a year. We are still 
learning, I think we are about half-way through getting to know what we can do with 
the fairly limited system that we've got. It's a two dimensional system, it doesn't 
create a three-dimensional model of the building. Its a deliberate choice, mainly 
because of expense. It's not as expensive as it used to be but it's still a considerable 
outlay of money and it's no good spending all that money on a tool if you can't make it 
pay for itself very quickly. It's my idea and I've been responsible for getting CAD into 
the office. If we went to three-D, before you can get anything out of it you've got to 
put the third dimension in and that takes almost as long again as putting the first two 
dimensions in. We want results so, as Rick says, it tends to get used as tool for 
producing drawings quickly, a drafting tool. I have never seen it like that, I still believe 
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that it can be used as a tool for designing. However, if you arc designing a building, 
you've still got to draw it out in fairly considerable detail to sec what it looks like. A 
rough sketch is not enough, you've got to go into a lot of detail to see what it looks 
like. Traditionally if you don't like what you see, you then put a piece of tracing paper 
on that drawing and draw it all over again even if you arc only going to alter a little bit 
of it. That is a very very tedious business. You may have to make a dozen innovations 
each of which takes a day, That is twelve days work just to get to something you like. 
With the computer you can do that so much more quickly, you can modify little bits and 
still get the full effect instantly. The problem is that at the moment we haven't many 
designers. Rick is the closest we've got and Rick has not gone right through the 
architectural school. What I am hoping for is that shortly we will get a graduate 
architect who we can train to use the computer and he will be the first of the new 
generation of designers using the computer as a design tool as well as a just a drafting 
tool. What will happen I don't know. 
SWG: How important will drawing, in the traditional sense, become as computers 
increase in sophistication and number ? 
NIF: I think architects will get on without any skill with a pencil at all. I am 
thinking here of the technical aspect of drawing on the computer. They don't have to 
know how to hold a pencil, what sort of pencil leads to use etc., providing they 
understand the various projections we use for reproducing three-dimensional objects on 
two-dimensions. But they won't be good designers. I don't know what makes a good 
designer. I think drawing may have something to do with it. It's a part of the equation 
but I don't think it's the whole. It may be a lack of inhibition. You've got to be pretty 
uninhibited to be a designer - to forget whether you can build it or not or whether 
someone's going to like it or not, just get on and do it. The ability to think very, very 
fast, I think this is another aspect of it. Painstaking, plodding sort of people don't 
make good designers, it's the guy who says "come on, I know what you want, you 
want to do it like this" and there it is. It sort of grows, it's there. The guy who starts at 
the top left-hand corner of a sheet of paper produces competent design but by no means 
original or brilliant. Would you agree with that Rick ? 
RWC: Definitely. 
MF: And the guy who can draw seems to be the guy who can think quickly,, " 
Maybe he's got a whole lot of bits and pieces in here that he has gleaned over the years 
which he assembles rather like a computer. You know bits of drawings and you can 
pull them all out and assemble them into a design. 
RWC: If you've got an overall image in your head or some idea and you need to 
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communicate that, and you can put it on paper in a minute you've got such an 
advantage over a guy who takes an hour. 
hIF: The other thing is your thoughts and your ideas are coming so quickly that to 
pluck one out as it goes by and fix it is quite difficult. I find that anyway. As soon as 
you have put one thing down there is another thousand thoughts have gone by, another 
thousand frames of the film if you like have gone by. 
SWG: Do you think that computers can ever become an extension to the human mind 
and body in the way that a pencil can in a skilled hand. Do you think it will ever 
interact in the same very sensitive, subtle way ? 
RWC: Ultimately, yes. 
M¢: I have no doubt whatsoever. We are not that far away. Rick came hcre, not 
having really touched a computer and within a fortnight he had sufficient facility on 
CAD to produce drawings which we were using. How long have you been here Rick, 
nine months, I'm astounded at the speed at which you can actually draw on a computer 
now. You can draw nearly as quickly as you can think in some ways. 
RWC: I can draw quicker on a computer. 
SWG: What developments do you think will take place in the next ten years in 
architecture and CAD ? 
RWC: I think we will get a system where you can plan some elevations which will 
automatically be converted into three dimensional images. 
MF: The other thing I am convinced will come is artificial intelligence. That opens 
up a totally new world where you can 
interact with a thinking machine, frankly I don't 
think they are too far off. 
RWC: At the moment we are simply producing visuals for clients who want to know 
what it is going to look like when it's built. 
If you can achieve that at an earlier stage, 
so much the better. 
h¢: I would like to see a full-colour, walk-through facility created using computer 
graphics, but I don't see that as the 
design. That is presenting your ideas which you 
have already designed and conceived, showing them and communicating them to 
somebody else in as full a way as possible. 
Holography could produce the most 
incredible leap in terms of creating true three dimensional images but in space. It is also 
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quite terrifying because in the twelve months that we have been working with CAD the 
whole market place has changed. The computers we have just ordered to replace the 
ones we had twelve months ago are different. I can see that in six months time they 
will be out of date. 
SWG: Do you not miss the human qualities of drawing in the work of architccts like 
voyscy 
MF: There is no technical reason why you shouldn't have a computer that 
reproduces a water colour painting using exactly the brush strokes that Voysey used. 
Theoretically you could reproduce the physical way in which spots of colour were 
suspended in a liquid medium and how it dried, take into account the texture and 
surface of the paper, the absorbency and so on and there you've got a water colour. 
Television has been completely revolutionised over the last three or four years with 
computer graphics, the Nine-O-Clock news logo, that sort of thing. It is superbly 
conceived and beautifully designed. More and more of this sort of manipulation by 
computers is opening up the field. It's going to have it's influence on the design and 
concept of buildings, it must do. 
But originality is everything. As an individual I want to put my original stamp on what 
I am doing and I wouldn't accept some machine-made amalgam unless I liked the look 
of it. Creativity is the way you perceive the world, largely it is through the visual 
media. If a person is going to be creative, I think they rind a way of being creative. I 
don't think there is a creative person who has not found some way of letting out their 
creativity. You may have an individual who has the most incredible ability to enable the 
brain to send messages to the fingers and remember things, who is potentially the most 
fantastic concert pianist but if you never show them a piano, if they live in the Andes or 
somewhere where there is no piano, they will never realise that potential. Maybe they 
will realise it in some other way - such as playing the panpipes or making bows and 
arrows ! 
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Interview 7 
PAMELA HOWARD 
Theatre designer & Head of Theatre Design, Central School of Art and Design, 
London. 
Interviewed: 8.12.1987 
SWG: Could you tell me something about the function of drawing for a theatre 
designer and what are your objectives in teaching students to draw ? 
PH: For a theatre designer, we believe here that drawing is the most important 
thing. Although you want me to talk about it as a conceptual thing we arc really sure 
here that we are training visual artists for the theatre, it is not a technical subject, it is 
not really a conceptual subject, it is a subject more related to the fine arts then to 
anything else, \Vhen we are selecting students at interview we are looking primarily for 
an ability to visualise and express themselves through drawing. I am a practising 
theatre designer myself, I work with the National and others and I just know that the 
best collaborations I have with directors often come from the fact that I have done very 
good drawings. Even though the ideas may not be thoroughly developed a sense of the 
quality of the production and the quality of my work is conveyed through the kind of 
drawing that I do. It is very important, it is absolutely ace important. 
SWG: How do you encourage creativity and what medium or techniques do you 
use? 
PH: I have actually just been to Poland and given a paper on this very subject. We 
encourage people not to try and think out the solutions before they draw it but to start 
with a blank piece of paper, start making lines, putting colour on a piece of paper, 
making marks on a piece of paper if you like, and through that discovering something 
about the feedback process of drawing. My experience is that whenever I do a play, I 
never quite know how I am going to do it. I mean I don't know what the play is going 
to be and I also don't know if I am going to draw it in ink, or in paint and different 
plays awake in me a different drawing response. I try with a pen and ink, I try with a 
felt pen and bleach and something somehow makes a response to me. Now I don't 
know what that is, that's really instinctive and creative. A lot of my work with the 
students is to try and rid them of preconceived thought and not to be afraid of making 
very instinctive responses to a piece of text or music. I do think drawing is very much 
an external expression of an internal response and they haven't to be afraid. Nowadays 
it is considered that you have got to have a developed concept and it has got to be 
clearly definable before you start but I think you have got to risk something. 
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SWG: What about the role of modelling in theatre design ? 
PH: I think that theatre design is a bit like head, hand and foot activity. You could 
say that when you work in the dimension you arc working with your hands and you arc 
working into space. When you are working with drawing you arc working through 
your senses, and through your head, and when you arc actually going into the theatre 
you are doing all that but with your feet in the actual space. Theatre design is the linking 
together of the actual space, the scale space that you work in, plus the kind of inner 
emotional space. It is a linking, if you like, of the two dimensional and the three 
dimensional activities in the actual act which is also to do with the shared experience of 
making theatre with actors and directors. 
SWG: Have you ever known a theatre designer who couldn't draw ? 
PH: Of course, it happens. For example, Sophie Fedoravich, who was one of the 
great designers, couldn't draw at all but she did attempt to put her thoughts down on 
paper and somehow there is a kind of indefinable quality in her work. Of course one of 
the things is that there are as many ways of doing theatre design as there are theatre 
designers, it all depends on the director you are working with, the company you are in 
and of course the time you are doing this. If you are part of a group activity sometimes 
your vision can be translated in a number of ways. Now, when you run a course it is 
shaped by the talent of the people who happen to be teaching it and this course happens 
to be run in this way because I happen to be running it but with someone else it would 
be completely different. I am not saying that drawing is the only way to design, I am 
just saying that is my way. I believe absolutely that this is, you know, the way in. 
SWG: You are a very experienced designer, how have your drawings changed over 
the years ? Have you developed a kind of shorthand of drawing that is different from 
what it was some years ago ? 
PH: I think my drawing has changed. I wish I had a shorthand, in fact all I seem 
to have is a very, very, long hand. It seems to be working quite the other way with 
me, I am obsessed with drawing really. How has it changed? -I think I have 
developed an ability -I shall have to put it like this. I work a lot from text and I work a 
lot with actors. People have described my work as'painting pictures with people' and 
I know that I have particular ability to take a group of people on the stage and to place 
them in a space and to make an interesting picture without scenery. at all. I am not very 
interested in scenery. My own work has changed, my drawing work has changed as 
my interest has moved away from the traditional theatre designer and I am much more 
into directing or being like a production designer. I am very much involved with the 
whole concept of the piece now, in fact at the moment I am writing a play, directing it 
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and designing it. My drawing has changed as my demands on myself have got bigger 
really and a lot of my drawings now are not as abstract as they were but they are much 
more spatial because I am very interested in groups of people. They arc like my paint 
brushes on the actual stage, they arc the same as my paint brushes when I am doing a 
picture. I am drawing groups of people mostly, I am absolutely fascinated by people 
and I draw people a lot. I might walk down the street and I see a funny fat man who I 
perceive as German; so I think'why is he German'? I draw him to build up a big 
visual vocabulary. Part of the drawing that we are teaching to students is also to use it 
as a kind of notation that is useful for you. I hate drawings that arc clumsy and don't 
give you feedback because they are a waste of effort and they are not useful. I am quite 
workmanlike about the drawings. I am not interested in if they arc good drawings or 
bad drawings and that sort of identification, I am just interested in can you draw a 
drawing which is useful to you. 
SWG: The reason I ask is that having talked to many different designers it seems that 
the way that they actually go about their craft now is different to the way students are 
taught. I wonder whether you have any views on what students ought to be taught to 
do as part of designing ? 
PH: I think as a teacher I am really concerned with going round on a one-to-one 
basis with my students, looking through their sketchbooks and I might say, "I 
understand that drawing, that is a wonderful drawing, that is a lovely little sketch" and 
try to find for them the way that they can develop their drawing, the way they can 
express themselves and for every single person in that studio it will be different. If 
there is one thing I might talk consistently to them about it would be the quality of a line 
and many of them find that very difficult to understand. I talk to them, for example, 
about the different activity between writing and drawing. You could say that writing is 
a wrist activity and drawing is an arm activity and if you are going to have the freedom 
of drawing you need to first of all be standing or sitting in the right relationship to your 
work. It is no use trying to balance a piece of grotty old paper on the top of your 
sandwiches and your rucksack and an old tin of pencils and then wondering why you 
can't draw. Frequently students will come to me and say "I tried what you said and it 
doesn't work" and then I have to talk to them about what they really mean by it and 
who the it is that doesn't work. Very often there are simple kinds of physical things 
that you can do like standing at the right height or making sure your drawing board is at 
a good angle to your eye. There is a big physical relationship to your work. I am 
struck by the fact that they don't teach those things at a basic level. What I say to the 
students is this, if you are a musician, or if you are a dancer, you know that you go to 
class every day. You know if you are a musician that every single day you have to 
practice scales. What makes you so arrogant as to believe if you are an artist that you 
haven't got to do a drawing every day of your life. Why do we believe that drawing is 
Appendix I NSEAD project transcripts Pamela Howard A55 
simply a matter of reading about it or being told about it ? Why should people be 
unwilling to develop skill by practice ? It is an incredible arrogance and I think if I 
could teach anybody anything at a primary or secondary school level it would be to 
understand that it is really part of a consistent programme of building things up. 
slowly, slowly, slowly. 
SWG: What are your feelings regarding the contribution of drawing to the school 
curriculum, say, the age group 9 to 16 or 17 ? 
PH: I can only say that I think any education in that field is good if the people who 
are teaching it are enthused about the subject they are teaching. I am nervous about the 
kind of formulas that people feel they can put forward about these things. I mean just 
for example we don't count at all here the A level and 0 level work. As far as I am 
concerned it is a dead loss, it makes no difference to our applicants here whether they 
have done A level or not, it is just crap, frankly. It may have given them a small insight 
into what they were doing but I am nervous about the actual standard " the standard of 
visual perception that people have. The whole question about drawing is how do you 
look at the drawing and what kind of self-critical ability do you develop and what kind 
of critical awareness do you have. 
In a sense the drawing is not so important, it is how you look at it that is important. It 
appears that in schools the simple act of doing it is in itself the reward. This is very 
true with computer graphics for example whereby the mastering of the cursor and the 
menu and all this sort of thing is in itself quite an achievement. I have done quite a lot 
of work on the Quantel Paintbox and you are so delighted to get anything on the screen 
at all that what it is is actually of secondary importance. I think this is actually quite 
dangerous and I worry about that a lot. 
SWG: Does that mean that computers don't have a function in theatre design in the 
future ? 
PH: Well, I don't think they will make better theatre designers. I think they will 
help us get rid of a lot of boring work. We have had computers in the theatre for years, 
we have had computerised lighting boards to the n'th degree and we have got 
computerised lights, you can stand there and press the button and you can alter the 
angle of the light at the back of the Opera House. 
It doesn't make a better lighting 
designer, it makes life easier so you can perhaps do more jobs but it's a tool, it is no 
more than that. 
SWG: It doesn't help the creative aspect ? 
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PH: No, I don't think so. We now have a system in the theatre whereby you can 
overlay plans, you can do three-dimensional projections of different theatres you go to. 
If you are doing a touring show you can see all the different venues that you arc going 
to go to in the dimension and all of that. Great, but it doesn't make you a better 
designer. 
SWG: You said you would accept students on their portfolio alonc. 
PH: They do a set test for us also. We choose two plays a year and we give them 
a little kind of briefing. Last year for example the choice was'Waiting for Godot' or 
'The Knack'. We are not really that interested to sec how they design it as such, we arc 
interested to see how people approach a problem that they don't know how to do and 
what do they do about it. By doing that it gives us some kind of equal sense of 
comparison because we get an enormous application here and from a very, very wide 
area and a very wide age range. In fact we go right up into the 30s and 40s in age 
range that come from quite extraordinary backgrounds and they all seem to end up in 
the junkyard of theatre. So it is very good to have some kind of unifying thing and 
then compared with that we then go through their portfolio with them. 
SWG: Is it possible to identify what you are looking for, you say you arc looking for 
the strategy they use, is it possible to identify particular elements of that strategy ? 
PH: Yes, we are looking for people who, on the one hand, when given a problem 
that they haven't the faintest idea how to solve, will actually practically do something 
about it. That is to say they will go to a library and look up a book. They won't know 
which book to look up but they will find a cross reference to it or they will go to a 
gallery and look up pictures and a picture will suggest another picturc. So it's lind of 
lateral thinking in that way. We are looking for people who are passionate about 
something so it could be that somebody will do something which is completely daft and 
I am quoting an actual instance now, somebody who was crazy about knitting and 
couldn't think how to do the set test and so she knitted it. Now it is ludicrous because 
of course you can't knit a set for the theatre but it doesn't matter because there was a 
girl who had a complete passion about something. I don't think you can really do this 
work unless you are really passionate about it so we are looking for very self- 
motivated, very committed people who can take a problem and then actually do 
something about it. 
SWG: Is it possible to teach that or is it just a natural God-given gift ? 
PH: Well, that kind of energy -I don't think you can teach that. You can inspire 
people, you can lead them, but I think when you are interviewing you are looking for 
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people who have got that. As a matter of fact I believe absolutely that it is perfectly 
possible to teach drawing, I teach drawing myself and I have never had the slightest 
doubts. I've got two kids, well they are 21 and 17 now, and they have been through 
that whole phase of saying "I can't draw". At the moment my eldest daughter is on 
Foundation at St. Martin's having said all her life "I can't draw" and is now doing 
some very good work. I think we are taught that there arc certain rights and wrongs 
and this hinders drawing. Actually anybody can draw, just as anybody can sing, you 
may not do it brilliantly but you can by constant practice improve it an enormous 
amount. I think you can teach critical awareness by conversation, by looking at the 
students' work, looking at it critically. I think if you asked the students here they 
would say "she is never very kind to us" because I don't particularly tell people they 
have done well because I'm not them and I haven't done the picture. I would probably 
say "look at the way you have placed the colour on the paper there", and "it's very 
heavy the way you have put that paint on" or "that line, why did you use that pen", or 
"you could have used something that would have given you a different variation of 
line". I talk to them in those sort of terms to point out things to them. So I think you 
can teach people to appreciate the quality of their work but that sort of drive and hunger 
and spark, you have got to have that in you. 
SWG: Do you often find there is a lack of vocabulary in some of the activities that 
take place in drawing which make it difficult to communicate without actually picking 
up a pencil and drawing ? 
PH: I do, but I don't think that is a bad thing. I have always thought that as a 
teacher you shouldn't be self-conscious about drawing in front of students. I think you 
should be able to draw with a joy and an abandon to show them that it doesn't matter to 
you if you don't produce a masterpiece. I think this brings me to a very important 
point. We are terribly conditioned to thinking that if we do a piece of art work it should 
always be like the Mona Lisa, that it should be a masterpiece, and this is very inhibiting 
to people. I think we should be talking about drawing as another form of sensory 
expression. It's not writing, it is another activity and it should be a natural expression. 
We are not worried about doing a good drawing or a bad drawing, we are just worried 
about how can we express that feeling which can only be expressed through drawing. 
I say to a student "look, if you can write it, don't bother to draw it" but the drawing has 
to express something that the writing can't, maybe how you stand, what the whole feel 
of your body is, your character, all those ambiguous things that can't be contained. I 
think that there is a danger in trying and find language to express that because drawing 
is a much more ephemeral thing. 
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Intcrview 8 
PATRICK IRELAND 
Freelance illustrator, Maidenhead 
Interviewed: 2.2.1988 
S\VG: Could you begin by describing the function of drawing for you in your work 
as an illustrator. 
PI: The activity of drawing to me is, a means of communication - of conveying 
ideas to other people. I mean, if I go to an agency for example, and I'm talking about a 
layout and a certain style of figures, then it is usually done with the use of a drawing, 
one starts to sketch, make suggestions. I work with publishers a lot, doing layout 
work for the books I write, again when we are discussing an idea at the early stages I 
use drawing to illustrate the discussion. 
SWG: Does drawing work very actively for you in the creative phases of design 
work ? 
PI: Yes; it's a kind of hand-writing really. An idea in the mind begins to come 
through onto the paper and then it develops and as it develops you see other 
possibilities. I always sketch when I am working out any layout, it's always a series of 
very quick sketches which I probably wouldn't show to anyone, it is always only for 
my own use. I haven't made any real decisions at that stages they are just thoughts and 
ideas and development in the work that I am doing I do the drawings and the layout and 
that's how the books evolve. If the art director or the editor doesn't like the layout for 
some technical reason I would change it but that's usually up to me. 
SwG: Are you provided with the complete text to go by ? 
PI: Yes, well in some books I do the whole thing. I have an editor comes and 
makes some comments and the art director who might say something and then the 
technical person who says we can't do that it costs too much, take that cover off, that 
toning will have to come out, we are not printing it on certain paper", they all have their 
own little rules but basically that's how I'd work, it's all on paper, drawing and 
roughing it all out, it makes you feel more secure. 
SWG: Do you think drawing is still a vital part of design education ? 
PI: Always. I have a class tomorrow for fashion illustration and I have them for 
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seven-week blocks - this is their second year. As an exercise I may get them all to 
draw, say, a figure and then we may represent perhaps tweeds, I would bring tweed 
for them to represent. I will supply them with a whole lot of different media like 
markers, coloured pencils, inks, wax pastels etc. The drawings arc usually 
photocopied about ten times so they don't have to keep redrawing it and then on each 
one we try the same effect with the tweed but using all the media, so they have the 
opportunity of seeing how they relate to that different sort of technique. 
Experimentation is very important. 
We've got to be careful here because one might be training people to do fashion 
illustration and that's one thing or you're training people to be designers, and do 
fashion design drawing which is something else and often the two meet. There arc 
people who do very charming fashion design drawings which can be used for 
illustrations and usually those people only draw in a certain stylised way and that's it, 
but an illustrator is able to adapt and understand and has the power to produce 
illustrations for different purposes. A designer is drawing really to put ideas down on 
paper to develop ideas. 
SWG: Does graphic ability assist the development of this understanding ? 
PI: That is a good question. There arc students who arc excellent at design and 
have a wonderful understanding of fabric, colour, silhouette and so on but they are not 
particularly good at drawing. They have problems in putting their ideas down. It is 
important that they are able to express themselves on paper, even if it is diagrammatic 
which is acceptable because even if they can't draw terribly well they can develop a 
way in which they may not look wonderful but they'll be clear and they can convey 
their idea to the people in the sample room or to someone who is perhaps going to cut 
the pattern. Communication is very important to students but then it is also important if 
they had to draw up a collection, and they were professional. If their skills were not 
very good in drawing, they would get, hopefully, someone who is freelance to draw up 
that collection for them, like myself 
SWG: Do you draw as a hobby? 
PI: Yes. I've started doing it again but I haven't for a long time, Suddenly I 
bought several big sketch books and I'm going out sketching. I like doing barns and 
houses, streets, architectural things. I like using pen and ink with wash, inks, water- 
colour washes. I like to experiment. I often take them and get them photocopied, 
reduced, enlarged, take sections off them and 
blow them up, retrace them, play around 
with them, stick them in a sketchbook and then work on top of them, but that is purely 
for my own pleasure, that's not professional. like to move away from my work a bit 
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from time to time, when I can, purely as a complete relaxation, still drawing but not 
fashion, which is what I do a lot of and it's quite refreshing. I attend life classes once a 
week at the week-end. 
SWG: Have you noticed any particular difficulties that student have in learning to 
exploit drawing. 
PI: That's why they have asked me to take these students. They have greet 
difficulty in getting them to experiment with different media and drawing figures and so 
on within their visions. I mean they all do airbrush work very professionally but they 
are rather dead looking and they can't seem to get them to put figures into their work 
and also they are very reluctant to use new ideas in the way of different materials, so 
this is why they seemed lucky with the fashion course and they have asked me if I 
would do something similar with their students. So that is how it came about, it's 
something quite new, it took me by surprise because they are not students I normally 
teach. I suppose there aren't barriers really, things do overlap. 
SWG: What sort of exercises do you put them through ? 
PI: Well I've got this sort of little technique that I use, first I get them to draw 
figures, live figures. Once they look good I get them photocopied and this gives them 
confidence to experiment on those drawings without becoming too precious because if 
the drawing is just a one-off drawing they are afraid they will spoil it and they play 
around with it very gently. I really want them to experiment and make mistakes and 
learn by mistakes, or make mistakes and see what comes out of it. So I just photo- 
copy a lot of the sketches, we have the facilities and enlarge them and reduce them, take 
sections from them and at the end of the day there is a mass of work, spread it all out 
and then we can begin to criticise and look, see what worked and what didn't and what 
nearly did and why it didn't and so on and the effects are soon achieved. I do that on 
my courses for teachers, they are like students. They are very good over a short eck- 
end, you know we start on Friday night and finish on Sunday. They all get very 
competitive and they want to turn out work. If you have that facility, you know the 
photo-copier machines are incredible, I don't know how we existed without them. 
SWG: When you work with journalists, how do they respond ? 
PI: They are quite a different again, they are quite a different breed. At the 
London College I take them from time to time. It's mainly for layout and they prepare a 
two-page spread on the subject of their choice with photographs, drawings, cut-outs, 
text etc., and we do a giant spread on a sheet of card and some of them can draw, some 
of them can't but it's quite important that they are able to put something down on paper 
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when they attend fashion shows for fashion journals, not that they would draw 
necessarily at the Show but when they come out. They attend Collections and things 
like that and then they would pass these very quick sketches on to the fashion artists 
who would be working on the side and they would work together, so that is very much 
a communication thing between the fashion artist and the journalist. 
SWG: In your opinion what's the biggest barrier that the journalists have to 
communicating via drawing - making marks on paper ? 
PI: Well, a lot of them are not necessarily that artistic, they are not that skilled in 
drawing, this is just a part of the course so they are very practical in their approach and 
one needs to show them certain techniques such as using a figure guide which they can 
slip under the paper. Often they can draw clothes but it is the drawing of the figure 
which stops them and when they draw a figure without some assistance of a guide it 
can look weird, you know, very amateurish. Line values are important using different 
pens, thick and thin lines and so on. 
SWG: Do you find it difficult to articulate what you mean when you do a drawing in 
front of them ? There aren't enough words in our vocabulary. 
PI: It's much easier to be able to talk round a drawing, that's what I like to do. If 
they've done something on paper, one can look at it and think Ah yes, that could be 
improved by having a thicker line on the outside, or using a thinner line value on the 
inside, or emphasising a certain area of the drawing, the texture, you know, perhaps 
putting shadow round the side of it, one knows immediately. Although the drawing 
may look very weak it has something and just by using these techniques you can 
immediately lift it off the paper and once you are able to do that with a student they 
immediately have confidence in you. But without drawing, just to talk about, well it 
wouldn't really work. 
When I take design students, I mean they do have drawing ability, most of them, some 
more than others, then it's interesting because you know where you are going with 
them and you know why you are drawing in a certain way because there arc certain 
ways of drawing for specific purposes especially in fashion. There is sketchbook 
work, research work, doing research for ideas on a theme, then you come out with 
your sketchbook which is very free, then you begin to develop your ideas and we use 
what we call design development sheets and these are sheets working on a theme and 
gradually letting the ideas evolve, so you wouldn't move too quickly away from an 
idea. Now these sheets could be produced in different ways. You could line figures 
up, some do, or they can work in a very free diagrammatic way, or they can be very 
free and spontaneous. They should have colour on these sheets, they should introduce 
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texture, pattern from the fabric they are working from, or the fabrics they arc thinking 
of. and there should be sheets and sheets and sheets of these. That's how they should 
work and then from all those sheets usually certain designs arc selected to make up a 
collection and then they are drawn up with more care, The way I teach I tend to get 
them then to isolate those designs on to single sheets of paper and they arc shown as an 
image so they wouldn't just be a sketch of a garment, it would be a total look and then 
on that sheet you would have the back view, the fabrics attached and notes arc added. 
They would be the sort of drawings you would show to a client. 
SWG: Can you always tell when a student has got that ability. Do their design 
drawings stand out ? 
PI: Some of them have got that ability, they improve and we know they will go 
on and it's just marvellous to have them around. Then there are others, we've had 
some today, who are very good at design, very bright and intelligent but they have this 
barrier because they find drawing so difficult. In actual fact they can draw but what 
they are trying to do is be as good as one or two others in the group, for instance, who 
are very talented at drawing. Instead of simplifying their work and approaching it at the 
level they are at, they try to jump and do very spectacular drawings which look dreadful 
because they don't have that ability. That's what I find very difficult with students who 
are not very confident in their drawing. They always want to do very complicated 
poses and very spectacular drawings whereas the people who can draw and arc very 
talented can simplify their work and they are not pretentious or complicated in their 
work. 
On the courses I take the students are drawn from various backgrounds. They may 
come from Foundation, they may come from fashion courses, they may have done fine 
art even, so their skills vary tremendously. Then there are students who have the 
ability to draw but they don't really push themselves enough, you 3. ýnow they just stay 
at that one spot where they are at, they don't really move on, they don't make the effort 
to do so. That's hard going. There was another question amongst that lot which you 
just threw at me which was a very good one. 
SWG: Have the students developed a good technical skill or do they have a deeper, 
perceptual ability regarding qualities of design. 
PI; Yes, that I thought was a very good question, because that came up today. 
We are designing outfits for cyclists, for a firm who want to change their image. They 
produce traditional outfits and now they want a kind of leisurcwear with a cycling 
feeling, suitable for cycling but not necessarily just for sitting on a bicycle. Something 
to be out and about in. We had a student today and although she can draw quite well 
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she wasn't thinking intellectually through the drawings. She was drawing zips and 
pockets and scams but they weren't necessarily in the right place on the figure. The 
pockets were out of proportion, the zip was a big industrial zip but looked more like a 
squiggle. She had quilting on the shoulders which was supposed to be very soft, soft 
quilting for cycling and they looked like cushions. It all looked very stylised, very 
cartoon-like - it looked quite amusing but it didn't really read properly. She wasn't 
thinking through her drawing and I just sat with her for half an hour today and I re- 
sketched with a piece of layout paper at the top of her drawing that design showing her 
as I was drawing and actually speaking. I talked her through it. I said this is an 
industrial zip, therefore, it would be like this, and this is soft quilting so it wouldn't be 
like this, it would be like this because it's a thin layer of wadding between two pieces 
of cloth and just try to get her to think through what she was doing. it looked effective. 
Students often draw things that look effective but they really don't think further than 
that. This really big quilting on the shoulders looked like a baseball player you know 
but it wouldn't relate to cycling in the summer. 
With fashion you see, what happens, after they have produced all these design 
development sheets, the next stage would be to make one or two up so they go into the 
sample room and then they do a working drawing and the working drawing is a 
diagrammatic drawing like an architect's plan, showing where all the seams are and the 
place for the pockets and any information that goes with that sketch would go on the 
sheet and that goes into the sample room. 
So they have to learn to do those working 
drawings, which have to be very precise, quite different again, but very important. 
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Interview 9 
ROD KELLY 
Silversmith, Norfolk. 
SHEILA KELLY 
Jeweller, Norfolk. 
Interviewed: 26.8.1988 
SWG: Would you describe yourself as a silversmith, jeweller, craftsman, or 
designer-maker ? 
R{: I think silversmithing falls between two stools. have always felt myself as 
being a poor-man's industrial-designer. I have always had this feeling that I have 
never- been as slick -I have never had a set of felt-tip pens and I have never done the 
same sort of drawing. Ever since I studied at Birmingham I have always felt a poor 
man's designer mainly because silver has got a tremendous history. very traditional, a 
craft similar to furniture, where there still is an amazing amount of reproduction work 
made today. I really like to call myself a silversmith because I am very involved in the 
craft and in traditional techniques of the craft but I also like to think of myself as a 
designer. 
SWG: How does your particular skill of 'chasing' fit into this ? 
There are many techniques within silversmithing, Traditionally when you 
went to the Central School of Art in London, as an apprentice at the age of 15 there 
would be a line of people and they looked at you and they would say "you're an 
engraver, you be a polisher, you be a chaser". You had no choice, that was the way 
they were taught. They then did a seven-year apprenticeship so silversmithing is often 
divided up into its own little crafts and in the trade you can see that. There are chasers, 
there are engravers. 
S\VG: Do you think you could turn your hand to all the other aspects ? 
Well I'm really a bit of a jack-of-all-trades. There is a complication for those 
who have been to Art School, like myself, and who are designers as well as 
silversmiths because in the trade the designer is the man who sits in the office with the 
drawing board. The silversmiths are the people who get their hands dirty in the 
workshop. There are incredibly few apprentices now but in the trade the hairs on the 
necks bristle because I'm not just an engraver, I am also a chaser and a silversmith and 
lo and behold a designer as well, which really irritates them. But that is what the Art 
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Schools produce - when you do a B. A. and then a M. A. that is what you arc. But I 
feel that now I am a craftsman I am very involved in techniqucs. The technique which I 
specialise in is chasing which is modelling of the surface of metal into several layers of 
decoration. I really wonder why I took to chasing because it is fairly graphic - really it 
is an extension of the drawing which I do, I am almost drawing with the tools. Maybe 
I took to chasing because of my initial drawing skills. 
SWG: What are your favourite two pieces that you have made ? 
RK: The two large vases that I have just made. They are chased, a sort of carp and 
willow design which I quite like. 
SWG: Are they your own design ? 
RK: Yes, although I am using a very traditional technique all the designs are 
looked on as if they are fairly modern. I am steeped in the arts and crafts rather than the 
trends of the eighties as in the Memphis style or the TV graphics - they will die in a 
year, they have no staying power, they will never have the staying power of the sort of 
water colour drawings done by Voysey, the architect. His and Mackintosh's drawings 
still have got a lot to say but these felt-tip kids really get up my nose. They really don't 
have any graphic quality. We should throw away these felt tips and go back to pencils 
and water-colours. 
SWG: Ne will come back to that. Sheila what was your background because I 
know you are a jeweller but did you do a jewellery degree ? 
SK: I actually started in textile design at Glasgow College of Art but I didn't like it 
very much, I felt I would rather learn a craft. I had to earn a living at the end of the day 
but I think that basically I was more interested in drawing and painting. I have always 
been much happier in two-dimensions, I think that was one of the struggles I had at the 
Royal College - coming to terms with three-dimensional form. I mean it is still is, I 
find that the things I draw are very lively, the touch to make them into three-dimensions 
is a struggle in itself. 
RK: One of our problems is that I can design and have someone make it but the 
trade in both jewellery and silver has never run along with the Art School system. 
SK: You've got to take it right through from the drawing. 
RK: You've got to be able to show people exactly how it's done by doing it 
yourself - raise it, punch it, hammer it, solder it, enamel it and say to them now copy 
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that. The Trade doesn't facilitate our design work at all, I mean all that happens is 
designs get watered down and elements get recycled. 
SWG: We may come back to that towards the end. Lct me turn to drawing for the 
moment. How does drawing work for you ? 
SK: I use it to organise my thinking. I find that if I am doing some jeww"ellcry, i 
like to draw it out and colour it. I tend to draw very much rather than make lists, I tend 
to draw things so I can see them, I put them up on the wall, it organises the way i think 
when I am actually making the work. 
RK: Sheila uses more colour than I do, I have no sense of colour. It is through 
being a silversmith. I think in the Sixties they started putting different coloured acrylics 
with silver and wood etc., but really silver is silver. It is very difficult to introduce 
colour. There are some people who are colouring metals but they arc not permanent, 
they are superficial coatings that come off, rub off, or fall off so really I don't try. I 
like the contrast between different coloured gold and silver but I do not go much further 
than that. 
SK. Rod does very detailed sketches. He is very, very detailed in his drawing 
before he starts chasing. I mean he has to organise the drawing on paper before he can 
move on to the next stage. 
RK: I don't think I could fill thirty pages of drawing for one item. I find drawing 
incredibly difficult, the hardest part is designing, when it is designed - when the 
drawing is finished, the making begins. When that design is finalised you have almost 
made it, the thing is almost complete bar the making ! 
SWG: I can see you would have to do a drawing almost as a map for the chasing to 
follow, but would you also use drawing to define form, the raising of the form itself ? 
RK: I think that my drawing has to be fairly graphic and two-dimensional, it takes 
me a long time to do a three-dimensional drawing of a piece that I am thinking of 
making. At that stage, rather than look at it too much in three-dimensions I often make 
white card models. I assemble fairly intricate things, making a very complex card 
model which never gives the ideal shape of the metal but I know in my head. I also 
have to use pencils that are sharp -I cannot work with pencils that arc chewed and 
blunt. 
Sheila's work is very creative. We say the same things about each other but I think 
Sheila is far more of an artist, a real artist. I don't think my drawings are very original 
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but Sheila can use anything very quickly whereas I tend to look at detail an awful lot 
and my drawings are very detailed. I'm a front elevation man. I can sec when I am 
drawing it -I can see as clear as day in three-dimensions - but I like front elevations. 
like my paper squared, pinned to the corners. The worse thing in the world is a 
drawing board where everything is marked in degrees so usually all the pens and 
everything get pushed up on the slide and fall off the back of the drawing board but I 
like to just use a drawing board as a table. 
SK: I never use the drawing board at all. Most inspiration comes when doodling 
on the telephone -just on a scrap piece of paper, the idea is there and I keep drawing 
the same thing until I feel it is right. 
RK: Sheila's sketchbook is a little notebook with bits stuck in and I think I envy 
that a little bit. I tend to fill a layout pad, I like a layout pad because you can lay one on 
top of the other and see the drawing underneath. I do use photo-copying a bit. I will 
photo-copy a drawing and I'll blow it up 12% so it fits in between the diameter I am 
going to use. I might photo-copy something twenty times and cut them all out. I cut 
little bits and then reassemble the photo-copies, and then I might even draw on top of 
the photo-copies and assemble an image. It gives a good image and I think clients want 
to see a good example of what they are going to get without seeing a rendering. I can 
do renderings but they might take me three days to draw up. I might be prepared to do 
this if it were say a competition in which I had been invited to join. But really three 
days work all put into drawings which might not get anywhere does not make good 
business sense. 
SWG: Drawing to communicate is quite common but what about the role of drawing 
in creativity ? 
SK: I can see things in my head at the same time as drawing them, you know I sec 
the shapes. I am trying to think which comes first. I would imagine the drawing 
comes first. 
SWG: You see something in the drawing and that gives you another idea. 
SK: I see three-dimensions in my head and you can sort of see the possibility of 
taking it further. 
SWG: So you are using drawing in an active way to interact with that idea 
generation? 
RK: I must admit that sometimes I do a drawing late at night and it turns out the 
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best. To me I find the pressure of designing and drawing quite intense really, 
something I would much rather run away from and I think that's why decorative work, 
where you are not only dealing in form, you arc dealing in decoration, is far harder to 
do than plain surfaced, industrial design work. 
SWG: If you were told to do something without any decoration. without any 
chasing, would you prefer to get straight into the material, without undertaking any 
drawing ? 
RK: I couldn't just pickup the material. You might take £300 worth of silver and 
you cannot afford to just bend it, you have just got to be precise. If I had to design 
something which didn't have any decoration, which I would never do by choice, I 
think I would take on a totally different personality, I don't think I could do it without 
decoration, although I used to. I don't think my personality, the way I work would 
suit that, I think I would be a sort of clone of someone else, I would have to draw it 
first though and then maybe a card model. 
SK: I think it would probably be very helpful for me to do something that was 
completely plain, because I think It is quite nice to explore form rather than decoration 
but I think I would always come back to colour and pattern. I always want to decorate 
things rather than just leave them plain. 
RK: I do think there is a great art to designing things that are undecorative but I 
think it is much harder to design form and decoration to go together. The attitude of the 
Trade is still revolves around making an object then 'where shall we put the 
decoration? '. Sometimes I'll over-complicate the form, thinking that I am being clever 
or more modern. At night I may look at the drawing and think'yes', and I'll get up in 
the morning and sneak back in and look at the drawing board, instantly I'll think 'yes 
it's right' or I just know it's totally wrong. If it's totally wrong then I start looking at it 
and doodling. That's why I like to leave the pages on. I find it very difficult to go 
from one page on to the next clean page. It's always the biggest struggle of all. The 
page is full and I think'will I lose that, sort of like losing the gist of a story, before I 
get on to the other page ?' It is always a real relief when you arc on a new page and 
there is some work on it. That's why I like layout because you can see the other work 
but I find it difficult when I am showing to clients, it's only a small point, but when 
you are laying paper on, I always have to take sheets of card so they can see the images 
clearly. I do use Rotring pens occasionally -I find them very technical but it shows the 
images in greater intensity. 
SWG: You are both accomplished craftspeople, how has your drawing changed in 
say the last ten years? 
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SK: I'd certainly say that it's tightened my drawing up a bit. Now I find that 
eery time I pickup a pencil I feel I ought to be desi¬ning jcwti"ellcry. I don't draw as 
much for sheer enjoyment. 
SWG: What has tightened it up, the pressure of work or experience ? 
SK: I think possibly going through college and being told to concentrate on the 
making rather than the drawing has had some effect but I think now I am terribly 
conscious about all this designing for jewellery rather than drawing for drawing's sake 
which I feel is a great pity. Unless you are free to draw you really cramp the input to 
the work You almost have to draw to get new ideas, otherwise you tend to repeat 
yourself with the same forms and the same shapes. 
RK: In my second year at Birmingham I was told that I couldn't draw. Now I 
would say I am actually quite good at drawing. I think I have just worked at it and 
worked at it. Some of my drawing was dreadful but somehow it has matured along 
with the work. 
SK; Do you not think that the chasing might have improved you at all ? 
RK: Possibly. I mean I enjoy drawing but I'm a bit of a cheat. I have a very 
romantic notion that if I had more time I would go out and draw from life, the idea of 
moving from London to the country was really to do more drawing outside. I would 
love to do more life drawing. If you are going to make an attempt to do life drawing, 
which I think helps the drawing technique, you are always a bit worried that your 
technique is going to suffer and it may not be as good as you once thought it was. You 
don't want to risk it. I do quite a lot of designs involving feathers. I once went to a 
taxidermist in Camden and I rented a stuffed hawk for a week. I sat in comfort with 
my sharp pencils and my sketchpad and I sat and drew it, that was great, but I wish I 
could get outside, it is just the pressure of work. 
SK, I think people envy aspects of each other's drawing ability. I mean I envy 
Rod for being very disciplined about his drawing. 
SWG: What should a student today, going into the silversmithing, chasings 
jewellery trade, experience ? What should be put their way regarding drawing ? 
gI{: I think drawing is the vocabulary - everything. I don't think you can design 
without drawing, I really feel that. When engravers were trained they first started by 
copying lettering. When I first started to do lettering I was taught by a real old hand. It 
is amazing what you can learn about proportion, about drawing circles, curves, from 
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doing lettering. Whoever now would sit in a studio now and do letters? I mean i 
remember we spent two days doing'A's and then we asked what we could do and he 
said let's try B's and that's the way it was. After you did lots of A's you did B's but 
it's true, you look at the Roman alphabet and it is absolutely superb. It tells you more 
really about style, curves, linear forms, you could design anything from the Roman 
alphabet. If students start to use computer graphics too early it can kill an awful lot of 
creativity. Designers need to paint and draw. I really believe that, but I think now that 
many Art schools are merging with polytechnics they will lose the thought of an Art 
School and of drawing and of life drawing. Once you can't express yourself on paper 
that is when you start to use a ruler and measure between the two and draw straight 
lines. In silversmithing curves are technically far more difficult than straight edges. 
SWG: Have you ever come across silversmithing students who couldn't draw but 
impressed you with their designing ability ? 
RK: I can't think of one example where a very good person can't draw. I find 
using card models very good, because it's quick. Sometimes I use a wooden one. I 
might turn something on a lathe and spray it white. 
SK I think that students become very easily frustrated with the fact that they can 
draw and have ideas in their sketchbook but that they can't make them into three- 
dimensions. They find it very difficult actually to change from the drawing in two- 
dimensions and to translate it into three-dimensions. 
M Also their models. If they can't draw they become disillusioned and their 
models look dreadful. Their models look dreadful because their drawings arc dreadful. 
Sometimes I will ask a student to outline an image that they want to decorate a piece of 
work with - one beautifully drawn thin line so we can take it from there as an image. 
They bring it over and they have been using a 6B pencil - fifteen overlapping curved 
lines and a big black mess. I think for some things it is nice if they can accomplish 
very smooth linear drawing as well as instant drawing. 
SK: I personally think that drawing is very important but for craftspeople I think it 
is important to have the two going in parallel. I mean you need the drawing input but 
you also need the technical input and one shouldn't become more important than the 
other but you have to develop in stages really. I mean it's no good just doing all 
drawing because you never have the experience of using the materials. I think one has 
just got to go hand in hand with the other. 
RK: If I wish to decorate the surface of a curved vase and I have got the image on 
paper, occasionally I'll do what they do in the trade and that is use carbon paper, put 
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the paper on the metal and scribe through to get the carbon image. That is ok. if it is 
flat, straight and very simple, but if it is curved you find the curves you drew on the 
paper, when put on a curved surface totally alter. Instead I make the thing in metal, say 
it is a vase, and I cover it in white emulsion then I start drawing from my drawings, 
which I spread all around me, drawing on the metal, and I go over and over and over. 
bits that I don't like I scrub, wipe off and put more white paint so that in the end I feel I 
can establish what is the design. You can't just take it from paper. I am not saying that 
my drawing is right for everybody but with what I do, chasing, images, it just seems to 
go hand in hand. 
SK: You think of drawing as a tool, don't you? 
RK: It is in its way. I do enjoy drawing, I like looking at drawings, I would like 
to do more drawing. I would like to draw really out in the street, buildings, be more of 
an accomplished drawer but you find it is hard enough just trying to be a silversmith. 
Time seems to be hours and hours seem to be moments. 
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Interview 10 
IMOGEN MARGRIE 
Ceramic sculptor, London. 
Interviewed: 5.7.1987 
SWG: First of all could you describe your background and work within design. 
i; I went to the Central School of Art to study ceramics. in the second year 
there we did a lot of industrial ceramics - industrial techniques and I did a lot of 
industrial designs, I went in for a Wedgwood competition designing plates %%hich was 
incredibly boring. Although I actually won the competition the design had just a couple 
of lines running round, it was just about as plain as you could get without having a 
white plate. I became more involved with the Fine Art side, although initially the other 
work was quite interesting - the actual designing, but it took so long to do. So most of 
my work has been much more fine art oriented. 
SWG: So when you graduated how did you make a living ? 
I% LI was quite lucky because the Contemporary Art Society bought several of my 
pieces from the Degree Show and I sold quite a lot more, that was a boost. You never 
know how it is going to be when you take it out of College, how people are going to 
react. I was lucky in that several galleries were immediately interested in it so I had 
some initial work. I then got a workshop space which I fell upon, it's a big factory in 
Kilburn, and there are about 50 people working there, 10 of which are in ceramics. It 
is a real haven. I think to work in a little hole at the back of your house would be 
absolutely devastating. I like having activity around me. It is a co-operative so it is 
non-profit making. Any money we make goes back into it. There are kitchen 
designers and people who make one-off furniture. The people in the workshops are 
generally quite friendly so you can go I and say "I want to make something in wood 
and don't know how to do it". I made some birds for my Degree Show which had a 
hole through them, it was to do with birds being caged and they had metal bars going 
through them so whenever you saw a bird you actually saw the bars as well. I wanted 
to make them but I didn't have any equipment and I am not particularly skilled in that 
area. It was good because the workshop people were very nice. 
SWG: To turn to your drawings, how often do you find yourself using drawings 
and how often do you get straight into the material ? 
ýý: Every piece I do has been drawn previously. I do a lot of drawing. I go to 
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the Zoo as frequently as I can and I take a lot of photographs. I like the movcmcnts of 
the birds and it is very difficult to draw them I might make just a quick squiggle -I end 
up with a line which has a feeling but when you come back to the workshop it is really 
quite difficult to know what you are actually trying to get down. I do a lot of drawings 
at the Zoo and then I go home and do drawings from the photographs. 
SWG: Do you have an idea at the back of your mind as to what it is going to look 
like at the end or do you just see what the drawing comes out as? 
T, t: That's it. I do a lot of drawings and select from them. Sometimes it is a 
feeling from the bird, perhaps it is aggressive or cheeky. One of the pieces I have got 
now is slightly skewiff, its face and its eyes look like that, it is just a feeling, there isn't 
anything definite, it's just a feeling I wanted to get over. 
SWG: What sort of media do you use for your drawing ? 
LNL Everything. I have recently got an ink pen for sketching. And I use those 
crayons, the Caran D'Ache ones that you can water down. It depends how it goes. I 
use Tippex, anything that happens to be around, anything that seems to be right, just 
bits and pieces. It depends on the mood again, sometimes you get it first time and you 
think it has got a nice feel about it and I'll go on to another one and you know 
immediately you haven't got the right line. It is a different feeling. 
SWG: Do you see it as a three dimensional object you are drawing or a two 
dimensional one ? 
INI; I am always thinking of it in three-dimensions even though perhaps they are 
nice drawings as well. They may look like pretty paintings when I am finished but I 
am thinking of what the other side is going to be like. Construction is the limitation and 
the majority of drawings I do are made with making in mind. In claywork you can't 
have birds with extremely fine legs so I tend not to draw the legs ! 
SWG: Do you limit subjects to those that look like coil pots ? 
W: I go to the Museum of Mankind and do a lot of drawing there. Sometimes I 
get enamoured by something and think'I must draw that', but I tend to draw things I 
actually think I am going to make. I also do things such as paint fabric, scarves. I buy 
clothes and I paint them but I don't actually make them up into anything, I can't sew, if 
I can glue it, I glue it. In fact I did a skirt for a lady at the V and A (Victoria and Albert 
museum). It was a very large, open skirt and thinking about how it dropped was 
difficult. But the things I paint on the scarves are very different from my ceramic 
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work. They are more... the clothes I wear tend to be more brightly coloured whilst my 
work is actually quite subtle, if it gets too garish the colour takes over from the form 
too much. 
SWG: Do you ever do more technical work; technical drawings, very accurate 
measured drawings for example. 
IA Only when I was at College, not since then. I do actually make moulds for 
the bottom of my work but I don't draw it. I go and watch the people because I can't 
throw very well. I have to tell them how to shape it. I don't actually do a drawing of 
it. I am never sure exactly what I want anyway until I see it. There is a girl who works 
in my workshop space who makes slipcast ware which she then draws. She is trying 
to sell through places like Harrods and she does the drawings so that they can 
understand what she is getting at. I know she finds that very difficult to do, to have the 
freedom of the drawing but still letting them see what is going on. \Vhcn they see the 
samples it becomes obvious but it is quite difficult. 
SWG: At the moment you are acting as an artist in residence for this primary school. 
When you are working with children do you get them to use drawings at all? 
1M That is what I have been doing. I think it is very important, especially when, 
if it is a new material, you are not really quite sure what you are doing. If you have got 
a drawing there, then you have got something to work from. When it gets slightly out 
of control you can look at the drawing and say "well this bit is all right but it seems to 
be going more like a dish", and you have actually got to bring it round. I was thinking 
of trying to get them to try to draw each other in contours so that there would be lines 
going round, then take a slab of clay and make the piece. It would be nice to then draw 
that piece and work from the drawing they had done of the piece. 
SWG: So that drawing and meng are symbiotic - feeding each other. 
DI; So far it has gone very well, their work was really very different. They could 
say "my drawing has got lines radiating out for the nose and somebody else has got a 
spiral". There was one child, one little boy I was working with and he got straight in 
there and he actually made things well - he just sat down and patiently got on with it 
and it is a really peculiar thing, it is very odd, out of everybody's work his really stands 
out. There is something slightly odd about it but very nice. 
Whilst I have been here the school has structured its curriculum around me with the 
theme being endangered species and animals, so they have been drawing a lot of 
endangered animals. There is a slight phobia about 'I can't paint'so I have them doing 
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collage and today I have had them doing embroidery. They have painted a fabric and 
then they have embroidered it, and now they arc going to stuff it. so gradually they are 
getting the idea I think. 
SWG: Do you have an y particular thoughts about this area of drawing and 
designing ? 
I1: I can't believe people don't need drawings to make their work come. 
Some of the people in my workshop don't draw at all and I find that really odd and you 
can see that their work doesn't progress quite so quickly somehow, it seems to help 
you formulate ideas, the work may not actually come out like the thing you draw but it 
is just the sort of process of making, you sit down and think about it. 
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interview 11 
SALLY MATTHEWS Sculptor, Loughborough. 
PAUL O'LEARY Consultant designer, Loughborough. 
CLAIRE WEBBER Fine artist, Loughborough. 
Interviewed: 24.11.1987 
SWG: Drawing can be viewed as a communicative, observational or recording 
activity, How does it work for any of you as individuals ? 
C\V: All three, communicating to myself, recording and observing. I always feel I 
have got to learn something - I've got to learn and observe and put it all down. I think 
what I am looking for is communication to me as well as to other people. 
SINi: With figurative work, all that you do is observe and find out, a searching 
process. I think once I start to sculpt, say a cat or something, I can't do that without 
going to have a look at a cat so I suppose I start off with observing and recording and 
following the shape and trying to get the shape with a pencil and then when I get it back 
it is better than a photograph, it says something of how I saw the cat and if I wanted to 
do a drawing from that draft it would be to sort of communicate with people. 
SWG: Do you ever work directly in materials, cut out the drawing phase ? 
5ý, 1: Yes but that's like sketching in your head, you call it sketching because it's 
the same sort of process. Also when you do a drawing that is really good, you seem to 
catch what you want, it makes the sculpture so much easier, especially if you are 
working from an armature like the one outside, You need to draw the wire to get the 
shape and then you just build up on top. 
CNY: That is very different to the experience I had at College. There they totally 
eliminated the drawing, they didn't recognise its importance especially life drawing. It 
was good to come to Loughborough and learn to draw there, I think it is very 
important. 
SWG: Why do you think they reject drawing ? 
C\V: I think they just have a trendy outlook. With so many people around who 
could draw the invention of new art perhaps requires a different approach, a different 
outlook. I think drawing is the basis of developing your creativity because if you can 
draw you are much more confident about how you draw, then you can start developing 
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the drawing and that automatically leads on to other things like painting and sculpture. 
I think as you get better at drawing you jot things down quicker so you are eliminating 
a lot of things that bothered you before. You get to it quicker but I still rind drawing 
fundamental to my work - to my creativity. 
SWG: The drawings of Henry Moore, say, reflect a three dimcnsional intention. 
How does drawing assist your design of three dimensional sculpture ? 
SM: You have got to think three-dimensionally when you draw. You arc 
discussing something in front of you and that is bound to be three dimensional unless 
you are drawing another drawing. 
CW: It really helps me to understand. When I draw a thing I am thinking how it 
actually looks. Sometimes I do try to break it down into two dimensional line, I 
imagine I am almost tracing it and that helps me to understand it better. 
SM L" I can get away from the actual form in a drawing when the line itself becomes 
aesthetically pleasing - the activity of drawing is pleasing. That is the part of the 
enjoyment of drawing. I would much rather look at a sculptor's drawings than a 
sculpture. It is the same with a painting. 
CW: If I like a painting it makes me want to look at the drawings but the sad thing 
is that quite often the drawings and painting are saying two different things. To me my 
drawings are similar to my paintings, they relate quite closely and I find it strange when 
it doesn't work that way for other people, nothing coming out in the painting, no 
transition. I think that people look at the drawings but they don't understand how the 
drawings affect the product. They just accept them. 
POL: I think that most people who haven't studied art in any way whatsoever tend 
to want to see things they can recognise, for example, if you do a portrait it has to look 
like that person. The way the marks are put down on paper isn't important to them at 
all, they don't even think about it, which is a shame because to the artist that is one of 
the most important things. 
Sit" I think a good mark should say what it is meant to say and that if a thing is 
drawn ugly, not drawn in the way it is meant to be, I am sure the general public would 
be able to see that, a good drawing shouts to everyone that it is good. 
CW: It is hard to define a good drawing. Sometimes people try to get away from 
being totally sympathetic, they may use a big heavy line - it all boils down to what 
people are wanting to get out of themselves. When I was at College the staff kept 
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saying my paintings lack what the drawings have got. I find that now when I do a 
drawing I try to combine the goodness of the drawing and put it into colour although I 
don't copy my drawings, it just gives me an idea, it sparks something off. I tryto get 
the looseness into my paintings. 
SWG: Turning to the product design world, Paul, do you feel a similar dcsirc to sce 
the early sketches of product designers and why ? 
POL If you can't draw you can't really be a designer because you can't move on 
from one idea to the next. Earlier on we were talking about two dimensional drawing 
and three-dimensional form. When I am designing with Andy I am thinking about a 
problem. You look back at the last few sheets and you think we have been designing in 
two dimensions all the way through these last few sheets and we make a conscious 
effort to start designing in three dimensions. For some things it is more appropriate 
than others. Say something mechanical, you can work out how things move in a 
certain plane much more easily in two dimensions but then you forget about the overall 
form and you can come up with something absolutely ludicrous because you have just 
been channelling yourself into a two-dimensional design. Three-dimensional sketching 
I think is more productive but it is a lot more difficult because you have to think about 
where you are putting a line so that the thing looks right and so you can assess it 
afterwards. 
I like to see designers sketches but also, I think, it is important to a client. To see all 
the work that has gone into coming up with this product is useful to them and they can 
also work out why it is the better solution from the drawings. There is no other way of 
showing them that, because you can't get through those ideas as quickly in any other 
way except by drawing. Clients do seem to be impressed not only by volume but by 
how much is going on in the drawings. Without that they may not have realised how 
difficult it is to come up with the end product. It is something they couldn't have done, 
because they know how limited they are in drawing. 
SWG: How important is drawing to your creativity as a product designer ? 
p0L There are certain things you just can't work out in three dimensions, I think 
the only time we rush into 3D modelling is when we haven't time and it doesn't matter 
about the volume of work we give the client when we have only got to give them the 
finished work quickly. But if we are actually going to tackle the problem properly and 
go through the long process to get it up to an optimum solution then you have got to 
start by drawing and doing a lot of it as well. 
SWG: Does one have to be good technically at drawing, I mean, for example by 
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undertaking life-drawing, to be able to use it as a creative tool ? 
POL: I don't know much about life drawing, I can't really say, I haven't really done 
all that much of it. You certainly have to build up that skill of drawing and life drawing 
will obviously help you to do that, but it is helping you in an area which you arc not 
going to use all that often. If you learn how to draw objects in perspective then I think 
that is a much quicker way of getting to the sort of drawing you are going to need to 
do. 
CWV: I think it is a lot easier to be able to draw objects, you don't have to look so 
hard. It's still understanding but you don't have to go into so much depth - or pain. 
SWG: Perhaps Paul's drawings are more concerned with communication, whereas 
your drawings arc much more to do with reflection. an inward looking. 
S`i: And outwards as well. I always want to draw to help me understand. It's 
rarely used to express myself although it does happen, it's learning about what you are 
looking at and being surprised. 
SWG: You certainly seem to enjoy the activity of mark-making, of drawing and 
that's often lacking in some design students. 
C\V: That's because they are not confident about it, that's all, perhaps they 
haven't done enough of it. I think it's really sad when I hear people say "Oh! I wish I 
could draw" because I think they could draw. I didn't used to be able to, it's just a lack 
of confidence. That is why it is good to be forced to draw when you first start Art 
college, to get over that barrier, then you start to express what you want. 
Stii: The thing about fine artists drawings as opposed to those of designers is if 
you look at fine artists drawings they are not actually precise, they are more of an 
emotional response, of feeling. The drawing takes over, the marks or the composition 
whereas Paul, as he says, has to make it look like it is and has to be able to explain to 
people through his drawing that this is how it is going to work. 
pOL: In the final stages. 
Stir: In the final stages and I think with a fine artist they =just saying "this is 
how I see it". 
POL: They are completely different activities, Theirs is emotional and it is trying to 
find a character and an object and it's trying to express something to themselves. We 
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are not doing any of that, all we are doing is finding something that will work, 
something that will look good at the end but the actual drawing doesn't have to look 
good. We are not studying something, we are trying to produce something, so it is 
completely opposite. 
C\V: I think it is in the end but it's not to start with. When you are perhaps starting 
to draw something you are in a similar position but in the end you want to put it across 
In a different way to us. After I have become familiar with something then I might 
become more confident and see it in a different light and I am wanting to sec it in a 
different light, I'm wanting to find new things about it, about the drawing itself. 
POL But regarding the objectives of the person who is going to be a finc artist and 
the person who is going to be a designer, they are both made to sit down and learn to 
draw and they are both drawing a chair. 
CW: Objectively. 
POL: O. K. objectively, but the direction you are going in is a completely different 
direction to the other and if I start to learn to draw and get character in that drawing 
and... 
CSV: Subjectively. 
ppl,: As long as I can draw that chair in perspective and get the form right and get 
the colour right and the texture etc, that's what I need to do but for a fine artist that's 
completely different. 
CW: I suppose my system of drawing is quite personal, whereas Paul's, if I saw 
them on a wall I wouldn't say'Oh that's a really lovely drawing' and want to find out 
more about them. I'd think of them as a functional drawing. 
SM: Sometimes I think that my hand is doing the drawing as well as my mind, the 
way I move my hands, that's where the personal touch comes in. I think some people 
just naturally draw scruffy, some draw precisely. It's a natural thing and as fine artists 
we are allowed to find out what that is. 
CV: I think today, going back to Art School, students don't undertake a basic 
learning process. I believe you have to be able to draw well and paint figuratively fairly 
well before you can be an abstract painter. 
SWG: It seems Paul, that that you are denying that industrially produced products 
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could have an emotional content, as long as you can draw the basic volumes and shapes 
you can get away with it, but a lot of our industrial produced products have quite a lot 
of semantics about them, a product language. 
POL: Yes, I thought about that after I had said it. I thought, wouldn't it be nice if 
people who were drawing to learn how to design could get some enjoyment out of their 
drawing. They would probably be better designers at the end of it. I also thought 
about the products and product ranges and how they do have characters - companies 
such as Braun have a certain style. Now does that style come from the chap who 
designed them, his enjoyment of designing. Does his character come out in his 
products? I think perhaps a little bit of it does. 
SWG: It seems that a number of our products arc designed by people who have a 
basic command of the grammar or language of drawing, but don't actually get involved 
in the sensitivity, the sensibilities of drawing language and enjoy it in the way you 
describe. I wonder, as Paul was saying there, if in design schools we really ought to 
value a traditional foundation course whereby you learn drawing where enjoyment 
forms part of the experience. Perhaps this would show in the products that later 
resulted ? 
Sys: A fine art training is a very good training for other things. Fine artists could 
often design better things, say textiles. better tables etc., perhaps because they arc more 
open minded about their drawing, more imaginative. 
pOL I think you have to limit the products, certainly furniture, then again you have 
to knock out 75% of the furniture because it has got to be mass-produced. You can 
do furniture which has a very small market and is very elite. You can do teapots, for 
instance, but not televisions. 
SWG: If somebody came to you Sally and said 'we like the way you work. we are 
looking for a thousand ceramic pigs or whatever; They like the way you work, they 
want to try to capture some of your work in a medium that would suit mass-production. 
Would it affect the way you work, would it affect your creative process and particularly 
would it affect the drawing ? 
SM: It would definitely affect my sculpture. Drawing ?- no: it probably wouldn't 
affect my drawing. Maybe I would aim for a simpler line or something but with my 
sculpture it's usually so one-off anyway. 
SWG: So you would compromise form essentially, but that would not affect the 
drawing. I wonder whether you would employ the designerly type of drawing we 
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touched upon earlier with a reduction of your personal, investigative drawing ? 
SM: It would take the pleasure away. 
SWG: If I ask you the question, Paul, and say "here's a commission to do a one-off, 
a piece of sculpture", would that affect your process or your drawing ? 
POL: We have to compromise ten times a minute when designing something. You 
come up with an idea and you've got to figure out if it can be done. "No, it can't, it 
would be much easier if that plate were angled in that way or other", so suddenly you 
wouldn't have any of those compromises because you don't have to worry about costs 
or whether the thing can be produced, you can make it out of anything suitable and it 
doesn't matter how long it takes you, so obviously the whole process is changed 
because you are not compromising any more. You arc still going through that process 
of developing but without the compromises. 
SWG: How would drawing change ? 
ppi,: If I were designing a product which was more aesthetic rather than functional 
I might develop a different type of drawing. Very rarely do we get the chance to put 
any sort of character into something because it is so functional and very little of it is 
actual styling. 
CW: When you are working for somebody else instead of yourself you fall into a 
different way of thinking. You start thinking is it all right for them, you automatically 
work differently. 
sM: 1 think it's a bit like your character, it slightly changes when you meet your 
parents, it slightly changes when you meet friends. It's the same character, the same 
drawing, you just bring out a different emphasis. I think the nice thing about drawing 
is the spontaneity of it. You may have not even intended to do a drawing " you were 
just feeling around. 
Cy; Sometimes the best drawings for me are the rough sketches. I remember my 
Degree show when I put in a very quick sketch. I had other drawings, but this one had 
much more meaning to it. Sometimes you have an affection towards a drawing.. 
5W'VG: Do you ever feel that Paul, an affection towards a drawing ? 
POL: I feel that Claire has affections towards certain drawings when I think thcre 
are better ones around. There is one particular 
drawing which I am thinking about 
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which I really don't like and I think 90% of her drawings arc better than this one but 
she likes it'four melons and a teapot' and I think it's awful. She's got so many good 
drawings but she always puts that one up for people to sec which I think is a shame. 
SM: I think I have affection for some drawings because they catch somcthing 
which has almost come out without you trying, you know what I mean ? As if you've 
discovered something which you didn't know you could do or you didn't know that 
about that animal or something. 
SWG: Serendipity, happy chance. 
Stiff: Yes, happy chance, it just comes through. 
C NV: That drawing up there, that's my grandfather. I did about four drawings 
before that, quite sketchy drawings but I was really looking hard. But it was when I 
got really pissed off that I got that one. I quite like it because it's quite simple, it looks 
like him, it sort of captures him. Everything is quite abbreviated, the hands are sort of 
one line instead of lots and lots of little lines which I was building up beforc. And the 
hair, whereas before I tended to scribble it in, it's quite downward strokes and really 
following the direction of his hair line. It took me almost to get angry to be really 
direct. 
poL: I was just thinking, another fundamental difference between an artists' 
drawings and a designers' drawings is that an artists' drawings arc meant to be kept. 
No matter what you say you keep all your drawings, they are not actually meant to be 
displayed or for other people to see but they are all kept. When I have designed 
something I don't stick it up on the wall or put it up by my desk for reference, it's just 
gone, that's it and we move on from there. 
C %V: You quite often say to me "that looks good, sell that one, frame that, that'll be 
good to sell' and I always think deep down "I don't want to sell them, I don't went to 
sell". 
POL: Sell that useless one then! No, I can quite understand you don't want to sell. 
I remember when you did that drawing there, I did a drawing of a man at exactly the 
same time, do you remember ? 
CW: I've still got it 
p01,: You've still got it have you. I never even remembered it was around 
until now 
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SWG: I presume then you both don't see your drawings as mere preparatory stages 
towards the finished product, a piece of sculpture or a painting. They are not just tools 
as Paul would say, to arrive at the solution of the thing you arc going to make? 
SM1: Sometimes they are. Sometimes it's a drawing, sometimes it's the sketch and 
a sketch need not be for anything else. Sometimes when I do a drawing then it is, but it 
doesn't have to be. Drawing can be an end in itself for us, you know, a complete end. 
but it can be a means of moving on. 
CW: Perhaps our drawings are different, more messy because you arc capablc of 
thinking and moving, catching fleeting movements, whereas Paul's drawings are quite 
stationary. 
POL. I'm normally not drawing anything at all, it's all out of my head. They arc 
fleeting moments in my brain, not fleeting moments that I have seen. I don't think I 
have drawn for my own pleasure for so long. I don't think I have ever done any 
designing for myself. 
SWG: Is drawing a fun activity above and beyond it potential in designing ?I mean. 
I've seen you and Andy drawing doodles and then turned them into little men complete 
with hats on. It's fun. 
pOL Oh we enjoy having a laugh. 
SM: I think what they do is draw little jokes that come into their brain to make the 
other one laugh. 
POL; You can't say that drawing a pair of boobs on a teapot or something is 
enjoying the mark, you are just having a laugh, aren't you. The only time I can think 
of enjoying drawing is when it feels good or it looks good, but you never think over it 
again, you never mull over it. A rendering you expect to be good and if it isn't you are 
disappointed, but a sketch of something is different. It might be that the design is good 
or the drawing is good, either way you might get a little bit of enjoyment out of it but 
you soon forget it and move on. It is not 
something you think 'Oh that's nice. I'll stick it up on my wall. ' 
C\V: Sometimes when I'm drawing, I'm not aware of getting enjoyment out of it 
when I am doing it. It is only when it gets to a certain stage, when it starts to look 
good and I feel confident. Sometimes when I don't feel 
confident I get quite aggressive. Only afterwards, when I stand back and think, 
perhaps it's OK, Or looking at sketches the next day and seeing them fresher. 
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As I said earlier I rarely talk about my work, I just think things in my head, but what I 
often want in a painting, is something a little bit strange, a little bit different that triggers 
me off to do that painting. I'd like to be able to do paintings where people would look 
at them and say "that's by that woman". 
SWG: Perhaps that's something we all need, to be triggered off. We need the 
emotion of drawing a particular person, object or arrangement. Trigger mechanisms 
may be personal, and perhaps your graphical jokes are trigger mechanisms that work 
for you. In one case you quote they didn't provoke further devclopmcnt but made you 
stop and go back. They made you stop what you were doing, look at it afresh and then 
you came up with some new ideas. 
POL: I never feel guilty about drawing boobs on teapots. We quite often have to 
stop ourselves. For instance we did 10 sheets for a client the other day and there 
wasn't one of those ten sheets we could give to them because they were all obscene, 
every single one of them. Quite often we got almost to the end of the sheet and it's 
quite clean and then Andy starts! Especially when he is doing it with black biro. 
Normally one's got a pencil and one's got a black biro and the guy with the pencil is 
allowed to be obscene but the one with the biro isn't. We have to take it in turns! 
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Interview 12 
NORMAN McNALLY 
Product designer, Course Leader Industrial Design, Glasgow School of Art. 
Interviewed: 14.8.1987 
SWG: Although there are many books that profess to teach drawing they do sccm to 
omit vital concerns. 
NMic: Yes, those books are all to do with communicating to others. One of the most 
central roles of drawing is to communicate to oneself. In some ways the better the 
quality of the marks you make the greater is that communication. It is like going into a 
life drawing class and doing a matchstick figure. You may have got the structure but it 
doesn't tell you much about the actual experience you are having. The better you can 
communicate your ideas, the better you can visualise your ideas the more real, and the 
more convincing they become, The engineers at the University, in the ordinary 
Mechanical Engineering course do a block called Communication but it is only I3S 308. 
It is only communicating to certain people in one very particular way. We are 
approaching it in a different way. We are showing the necessity for viewing I3S 308, 
If it is BS 308, as a skeletal, economic and elegant way of communicating complex 
Information. 
SWG: What difficulties have you had in teaching them other strategies ? 
NMc: Well we haven't. I fear we would have had great difficulty in teaching them 
other strategies if we were starting further up the course, but because we are starting 
with first year students we are teaching them organically differently. For instance, we 
are not allowing them to use set-squares and tee-squares in the first year. We are 
teaching them about visualising ideas, about how to manipulate form, how to swing 
things round on the paper so they actually have the ability to see the back of an object as 
well as just a fixed view. 
SWG: Do you see drawing is just one component in an activity called 'Modelling? 
Nic: Yes. Drawing is a very economical way of modelling, it is the fastest and 
best way of having a quick idea -a visualisation - of what is in your head and this leads 
naturally into solid modelling. 
SWG: What about this designing activity - the role of drawing in thinking up and 
manipulating concepts and ideas ? 
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Nhic: The basic tenet, which I suppose we all believe in an the course, is'if you 
can't report on what exists, i. e., you don't have an investigative vision of the world 
around you, then you can hardly be expected to report on what doesn't exist - things 
that you are pulling out of your head. So objective drawing constantly informs 
conceptual drawing. We want the students to begin to question the world around them 
and I think that is fundamental to engineering as well as industrial design. To not just 
accept that chairs are like this or figures are like that, a casually observed view, but that 
you can actually investigate it mentally, consciously or subconsciously. It is like 
watching vegetable soup, every so often a carrot comes up on top and disappears. then 
a leek comes and unless you try and actually put something down, mark it down and 
make a decision about it, then you don't make an analysis you make a subjective 
judgment. 
SWG: Do engineers assume they have been creative until you have shown thcm 
otherwise? 
NMc: Engineers almost assume that there isn't any creative act. Many engineers and 
many students in the past have felt constrained by engineering courses because they 
didn't question, didn't touch on creativity which our new course of necessity will be 
dwelling on. 
SWG: So you would argue for a change in engineering courses? 
hßic: Absolutely. Our new course, for example, is a joint venture between the 
University and the School of Art. We take on the numerate and objective skills of the 
School of Engineering and we put that together with the cultural skills, which Schools 
of Art have always been good at. It is curious that Universities have been set up to 
increase fundamental knowledge while Schools of Art, since the l8th century, have 
provided a link between industry and art. That is exactly what this course is going to 
be doing. The classic profile of a student of this course is one who intended to study 
engineering. They had gone through school, been very numerate and good at the 
sciences but the school had fought an errant ability in an and this ability in art has been 
pushed down and marginalised in the subject of engineering. These students still feel 
there is more to engineering than just being numerate, sitting in front of a computer. 
SWG: Do you find yourself having to justify the art contribution ? 
NMc: No, I think the staff on the main engineering courses are concerned about it 
because it is seen as a very, very attractive option. They are going to be engineers first 
and foremost but they are also going to be able to communicate much better. They are 
going to have an idea of the subject and activity basis of the whole engineering tradition 
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rather than just a subject that the University teaches. 
SWG: To turn to drawing, what do you teach ? How do you raise the ability and 
awareness particularly of the engineers ? 
N', Nic: It's still early days, we have only been operating for two months. We start by 
reporting an object which they can see, asking them to describe them verbally, by 
writing about them and in sketch form, then putting those together and seeing how they 
coincide. Obviously they don't so sketching and verbal descriptions are not adequate, 
so this is how we introduce the idea of this international language called engineering 
drawing but we don't call it that, we just call it reporting or communication drawing. 
We encourage them to think and draw freehand and to use different materials. We 
have recently introduced ideas of cross-sections as a natural development of ordinary 
visual drawing because they find they cannot show hollow objects. It develops 
organically from their current work, not as separate exercises so that they see the need 
for it. It is curious because from quite disparate drawing abilities one can sec a son of 
common ground emerging from these students regarding ways of setting out drawings. 
You can always know that that is the left hand side and that is the right hand side and 
that is the top and that is the bottom and they can describe it. It is a very simple way of 
putting across the beginnings of quite a complex subject. 
SWG: Is there a desire in students to move towards a norm or do you encourage the 
development of a personal language ? 
NMc: What we are looking for initially is a minimum standard that every body can 
understand. Everybody can have an accent after they can speak Queens English But 
there are different purposes for drawing. You would communicate differently to a 
Board of Directors than you would to a Production Manager, they want different 
information, they want it in different way at a different time so we are going to be 
putting across those means of communication also and again that organically comes out 
in the way they have been taught. I am sometimes suspicious of those marker pen, 
artist's impressions in graphics books, in fact I'm very suspicious of those but 
sometimes that is exactly what is needed for that particular communication. They want 
something like that, they want to be convinced and because designers do something 
which is not generally understood there has to be something which is concrete and can 
create a vision of the future. 
SWG: I have come across sketches by famous designers' that are really quite fccble. 
How do you relate actual drawing strategies to those which you teach ? 
NMc: I had this confrontation with my students at Belfast a few years ago when I 
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was teaching them the traditions of good technical drawing. It revolved around an 
article about Magistretti and how he produced his ideas and showed many typical 'back 
of the envelope' sketches. The students said "you arc teaching us this and yet here is a 
really successful designer whom we know you admire, how do you put these two 
things together? " I put them together by the fact that he has been working for one 
manufacturer for 25 years and they understand his scribbles. He has also gone 
through, I suppose, 50 years of designing and he understands his scribbles. He has 
got a very tight control of what he intends and what he infers He also knows he can 
trust all those people who take the scribbles to do the right thing because he has a 
personal relationship with the prototypers and the manufacturer. He knows the 
shorthand the shorthand is common both to the manufacturer and the designer. 
SWG: Have you ever examined the strategies of sculptors to sce how they use 
drawing ? 
NMic: I think, fundamentally, they are similar because they are trying to create a 
model before they commit themselves to a long time in verifying the concept. They 
tend to be more personally emotive, they don't have to communicate so clearly to 
others. They tend to work in their own internal shorthand using forms of drawing 
understandable to them. I have, once or twice, involved sculptors in dealing with 
projects, particularly when we have, for example, presented furniture or products as 
sculpture. 
Designers have a primary duty to communicate their ideas to others, that is a part of 
why they are working, they have to convince others that their particular picture is valid 
and valuable. Also for their own ability to progress the work from a blank page to a 
working concept they have to be able to make marks which are satisfying and 
convincing in their own terms. I know designers develop different ways, personal 
ways of working. I simply developed a way of working which suits me, it's not the 
same as everyone else's but it influences the way in which the structure comes out at 
the end. 
SWG: Are the teaching strategies you believe to be necessary, particularly for the 
new course dependent on old values? I'm thinking here of life drawing ? 
Nic: Well we thought we would do life drawing at some time. I don't mean to be 
derogatory but it is very traditional and slightly sexist. It provokes certain ways of 
drawing, just as the marker pens do, but it isn't a form of drawing where accuracy can 
be closely checked. I think designers are interested in illustration. Take drawing and 
all that the tradition infers, take illustration in its most holistic form. There probably 
isn't much difference but it just seems to be that in an Art school there always seems to 
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be a difference between the illustration that goes on in the graphic design and the 
drawing that goes on in print making. I am interested in illustration. I think. 
SWG: What about illustration as assisting the seeing of an idea during the process of 
conceptualisation ? 
; VýtC. I am not sure how creativity takes place or how elegance takes place. 111cre 
arc two aspects to design - there is the incontrovertible part where it can be seen that 
you have answered the problem, you have made the right moves, constructed the right 
structure, asked the right questions and at the end of the day % hoevver you are 
presenting it to could not fail to say "well yes that is the correct answer. " 1lo%vcvcr 
they are also free to say "I dislike the answer you have come up with because it is 
inelegant or it is pedestrian or it doesn't lift my spirits. " That's the other part, the more 
personal part and I tend to leave that up to the students themselves. I've simply got 
another point of view and I would say, "in my case I would move that or I would do 
this, or have you seen this article or work. " What I am trying to do is take in people 
who are, to a greater or lesser degree, creative and provide them with a structure for 
focusing their creativity and structuring it so that they become professional instead of 
amateur creators. 
SWG: One difficulty with examining drawing is the diverse nature of the activity of 
designing ? 
NMC: It is an impossibly catholic name. There was a seminar in the Third Eye 
Centre a couple of years ago where there were designers on the panel. At one end of 
the panel, physically as well as philosophically, there was a fashion designer and at the 
other end there was a man who designed Rolls Royce Olympus engines. They really 
didn't have much to talk about to each other. I would prefer it to be inclusive rather 
than exclusive because by including things you have got the element of chance and the 
ability to bring in influences from outside your own notional profession. I think that is 
why designers should exist in a large field rather than in a school of technology or as a 
special course in a monotechnic. 
SWG: How do you reconcile the pressures brought about by the very different 
Clements of the new course ? 
Vic: We are bringing two courses together rather than trying to do a bit of both. I 
think that by bringing the two courses together under the same teaching team we are 
actually going to polarise them beautifully. By getting them to live in one another's' 
pockets they are going to inform one another but it is also actually going to heighten the 
differences rather than make the same person. I think there is a real need in industry, 
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certainly the design industry is now saying this and they wcrc not saying it four years 
ago. They now say they want people with a good head on their shoulders, who are 
creative with ideas, they will always be welcomed by technology. It will be very 
interesting if we can find technologists who will understand this need. I think that is 
what is going to happen with these two courses, they will probably talk together. 
Industrial design will heighten its provocative, spiritual and poetic qualities and it will 
be informed by the technology of the engineers. It may actually be more aimed 
provocation. The engineering course, will be taking on the need for these spiritual 
qualities but staying very firmly in engineering. 
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Interview 13 
DICK POWELL 
Product designer & Partner, Seymour Powell Design Consultancy, London. 
RICHARD SEYMOUR 
product designer & Partner, Seymour Powell Design Consultancy, London. 
Interviewed: 25.11.1987 
SwG: In my interviews to date three major functions for drawing have come to light, 
these are an observing/recording function; a communicative function and thirdly a 
personal, manipulative function. Which of these are important to you? 
DP: The last. It is the actual process of thinking in which drawing is the most 
useful. The second would be communicating it to others. We probably don't do as 
much observational drawing as we ought. Here in this office we believe that drawing 
and the ability to formally resolve design issues are deeply connected. I mean resolving 
the way things go together and the way they will work and indeed the actual creative 
spontaneity of coming up with an idea, something radical, something new, is 
intrinsically linked with the ability to draw. I can't rationalise that. it's just an 
observation that people who can draw do it better and people who can't draw don't do 
it so well. 
SWG: Your book 'Presentation Techniques' concentrates on communication but 
rarely discusses these other issues. 
DP: It's a very controversial area. In fact drawing, the role of drawing in art 
colleges, particularly in the period I was at college was being heavily overtaken by the 
role of model-making. There was no emphasis put on drawing ability in the product 
design course by the time I left the RCA which I think was absolutely terrible and I 
think it has continued to decline since. We find very few graduates coming in here for 
interviews who are any good at drawing, 
RS: It has to be said that if somebody came in with no aptitude to draw 
whatsoever, it is very unlikely they would get a job here. What Dick means is there arc 
very few people able to draw as well as we do. 
DP: I mean I don't pretend to understand the process. We often talk about it but it 
certainly seems to be the case that people who can draw have an ability to think three- 
dimensionally and revolve something in their head and that allows them to be able to 
put it on the paper. We call it an 'onboard CAD-CAM system'. He actually is better at 
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it than I am. He's got a Polaroid camera up there which just goes 'click' and it comes 
out on the paper like a photo-copy. We both have this 'on-board CAD-CAbi system' 
where you can draw something like this silly bar of soap and you know what it is going 
to look like in three dimensions because it is up here in three dimensions. 
SWG: Sculptors I have talked to really seem to enjoy the mark-making for its own 
end, they enjoy the act of drawing. Do you still have time to find drawing really 
enjoyable? 
RS: Absolutely, 100%. When I'm not working I'm drawing, when I'm relaxing 
I'm drawing. I draw the kids. 
DP: It's less true of me though. I used to get more pleasure from the drawing. 
We used to do more finished rendering here than we do now. Our main task in life is 
designing and drawing is a tool we use to help us design things but there was a time, 
before I wrote the book in fact, when the business of drawing absolutely fascinated me. 
I was really into the process of drawing more than anything else and now it is much 
more of a tool. I really only draw, outside of the office, when I go on holiday, water- 
colours and things, the actual business of drawing is totally subservient now to the 
business of design. 
SWG: In that case, how should design education approach this area of teaching 
drawing. 
DP: This is a difficult question. I feel that there is certainly a strong demand in the 
design world, both for people who can draw and who are good at manipulating form 
and this other type of being who is a good designer but not necessarily able to draw. 
Now that kind of person is often very good at other things, like sorting out technical 
problems and resolving something technically or resolving it in the way it goes 
together, or its construction or something like that. We need those kinds of people as 
well. I don't think all designers need to be this way but I would say that the balance is 
somewhat upset, we should encourage more people from an art background. I mean 
the art has gone out of product design to a degree. We need more people who produce 
silly radio sets like colostomy bags! I don't mean that. I mean people who have a skill 
and an ability to resolve things formally and make things look exciting. In my case I 
was always interested in drawing so it was never a problem with me. I wanted to be 
able to draw when I was at Foundation course and make things look real, that was 
more interesting to me. We did a lot of life drawing. 
RS: The wonderful thing about drawing, as opposed to rendering, is that you can 
generate a spiritual conception of what you are doing, you can erect the spirit of 
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something in a sketch. I mean, throughout history the people who have been the very, 
very, finest drawers have been the people who have been able to conjure the essence of 
something with the most incredible economy of line and description. It goes beyond 
the ability of being able to take what is there and put it down - like a life drawing; no, 
not like a life drawing exactly, when you are drawing a tree or something like that, not 
merely recording, it's what springs from within. 
DP: The question is, does the activity of, say, life drawing; the activity of 
observing and recording, actually improve your skills at the other end of the spectrum. 
Yes, I would say that it does. I think that the more you draw, the better you get at 
drawing and I also believe that you can teach anybody to draw. Drawing is just a 
question of the way you look at things not something that is skill in your hands. It's a 
skill in your head and I think that there are people who can be nurtured very easily and 
turned into something. 
RS: We were talking about music before you arrived, and had faced the fact that 
most people can pick it up, less people can be very, very good at it, but it is my belief 
that you do need some sort of connection, a system of synapses between eye, brain and 
arm to actually be able to do it very well. I think drawing and music are very similar in 
that respect. These items in these drawings cannot be made, they took only five 
minutes, but they encapsulate the essence of what you arc trying to achieve. 
DP: That is something you can only do with drawing, you can't make a model of 
it, you can't even describe it with words, you get an instant concept of what's going. 
That's why when we write reports we go through the motions because they pay you 
money for a report but at the end of the day you produce a drawing or six drawings, 
whatever, and they say, 'yes, yes, I see what you mean. ' as opposed to 'what do you 
mean by this? '. 
SWG: With regard to those motorcycle elevations on the wall, how much of that idea 
was already in your head before the image was put down and how much was happy 
chance of the marks, washes and media etc? 
RS: That depends on the person who is doing it. With me it's usually mostly 
there already, the instant before I do it. Some other people use the wandering pen to 
actually help them establish things, but I think you get, for as many people you ask, 
you get as many different answers. 
DP: I think Richard is unusual. I have never met anybody else who can do it like 
that, everybody else I know does it the way I do it which is evolution on the paper. 
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RS: On the basis of what Dick's just said there are very, very few people in the 
world who would, I suspect, be able to conceive it all in their head and have no 
drawing ability whatsoever. I think it would stop there a lot of the time because they 
would hit a stone wall of incommunication, both with themselves, but more importantly 
with the outside world. They wouldn't be able to express themselves. 
DP: We must be careful here, because you will find in your research, if you 
haven't already, that those who can draw will say it's very important and those who 
can't will say it isn't. 
RS: Well it's like me. I'm partly colour-blind, I make light of it. People say 
'How can you be a designer and be colour-blind' and then the inevitable 'how do you 
see red?! ' Somebody that has been deaf from birth doesn't miss hearing because they 
have no real concept of it, the difference is the people who can't draw as opposed to 
people that can draw. They may actually believe it doesn't inhibit them at all, they may 
actually be reacting against it because they feel they can't do it, like 'Who needs to learn 
a musical instrument anyway? ' 
DP: That's definitely true, people who can't do it will slag people who can, but 
they will also say it's not important to their particular brand of creativity. There may be 
some truth in everybody's brand of creativity being driven by something different. But 
we are still hard down on the side that you are a more creative person if you can draw 
than if you cannot because you can have this conversation with yourself, you can 
express your ideas to others and you can organise your thoughts better. 
SWG: When you are styling a product for example, how does drawing work for 
you. Is it just an evolutionary process, or are you learning a lot about the potential of 
the form? 
RS: Take that drawing of soap bar shapes, you move a line a millimetre and it 
becomes a different object. Dick and I have never designed soap before. Dick and I 
will not be designing soap again! 
Every single sketch, drawing, anything I ever do, I learn something from, whether it is 
a tiny thing or a lot. But there is another thing that goes beyond it, it is the most 
immensely gratifying thing you can imagine. It gives me job satisfaction in what I 
produce, to sit back and to do something, occasionally I do something I like, I get an 
inunense amount of pleasure out of it -'gosh, it really is what I want to say. ' But I 
forget it occasionally, I don't mean I forget to draw but you forget - you know people 
come up and will say 'hell, I wish I could do that'. I think you can teach almost 
anybody to render, I don't think it's nearly as easy to teach anybody to draw. I mean 
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you can help them on the process and hence the book. 
SWG: Has your drawing style changed or condensed over the years and why? 
RS: My drawing style condensed when I was 18. 
DP: We have a way in this office now where we tend to draw everything the same 
way because it is very economical and very quick to do. 
RS: We render, we don't draw it. 
SWG: The drawings on that sheet there. They might say more to you than comes 
over in the communication. 
RS: That's an interesting one you pointed out because that's a Richard and Dick's 
shorthand. When Dick and I work together shorthand is a very good way of describing 
it, because that is precisely what that is. It's a more refined language than this. 
SWG: And is that assisted by natural language, an articulation in words? 
RS: Of course it is, and yes, it's a refined language. It's a very high order of 
language. If you put all the components together it is fantastic, you know it's like one 
of those bursts of information you get from a satellite -a million bits crammed into half 
a second. It's very sophisticated and shows how much you can communicate. You've 
got all these concurrent tracks; you know, the gesture track, the eye movement track, 
etc., etc. 
SWG: Is the consideration of these issues important in design education? Ought we 
to develop abilities with this sort of sketching? 
RS: Sketch books are always pushed around and I would have thought that's it. 
The trouble is with the way it works. In education people say 'Look you guys, 
sketchbooks are really important to get you into college, they arc all going to be looking 
at sketchbooks'. So students panic because they haven't done a sketchbook and sct to 
and scribble out a post-generative series of drawings. I always used a sketchbook as a 
sketchbook - it was not precious but we see a lot of rubbish that pretends to be 
preparatory drawings from students. You can tell the real drawings, the developmental 
ones. 
DP: They are really important. We like to have a look at the way they work. 
Appendix I NSEAD project transcripts Dick Powell /Richard Seymour A97 
RS: Yes we do, but I'm sorry to say I tend to look at the end product more than 
the way in which it has been done. 
SWG" Do your own backgrounds in product design and graphics have any influence 
on this? 
RS: Well I trained as a graphic designer and Dick studied product design but 
people don't fit so comfortably into their little niches. I am a thrcc"dimensiona) 
designer, I just happen to do graphic design, but you must ask Dick. 
DP: You don't have to study product design to be a product designer. 
RS: But more to the point, my brain has always worked in a three-dimensional 
manner, even in advertising, I always thought three dimensional in that. As I said to 
somebody the week before last, don't use me or us for that matter as examples of our 
breed, we are not. We are very unusual, we work in a very unusual way and we are 
one of the few design teams in product design anywhere in the world. It doesn't exist 
in product design - two guys working together most of the time. It doesn't work like 
that. 
DP: If you go to another group like Roberts-Weaver you will find that Barry 
Weaver and Joss Roberts don't actually work together at all. They each have their own 
specialism or in some cases you'll see other groups where each has his own client 
RS: If we had both trained at the same college, done the same sort of things. it is 
very unlikely that we could be working in this way. It is because we have come 
different routes and taken different perspectives on things that it continues to be 
interesting. If we had done the same things and worked in the same way, it would get 
very tedious very quickly. 
Anyway, to return to drawing, I personally make a very strong distinction between 
rendering and drawing, a very strong one. I very rarely do a rendering. If you were to 
look at what we do we have a skill when it is necessary, as Dick has already explained, 
to produce a series of renderings where to anything but the most tutored eye anybody 
would find it almost impossible to differentiate from which hand each one of the things 
came. But I virtually always work freehand, that's the way I am. Others work 
constantly with rulers and guides and things like that, not because one is better than the 
other, it's just the different ways in which we do it, if you want absolute passionate 
supporters of drawing, the importance of drawing, what drawing is all about, you 
probably couldn't do better than with either of us, we both feel very strongly about it. 
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DP: For a student of design, drawing is probably the most important thing you can 
do. When I used to teach a lot I would say to people whatever you do, be it product 
design or graphic design, or whatever, if you are trying to function and make a living 
the one thing you can do, which the person you are selling to cannot, is draw. That is 
particularly true in our business. When we go into a big company like --- (name 
removed) they've got marketing people, sales people, engineers, plastics technologists, 
electronics, all these blokes. The one thing they don't have is someone who can draw 
so you've got a terrific weapon. You sit down at a table at a meeting and say 'oh, we 
can do it like this' and as soon as you start to do it they say'oh, how do you that'. I 
would imagine, even if you are a textile designer selling to a textile company, you arc 
worth buying because he hasn't got that. 
RS: We occasionally get involved in on-the-spot creativity, things; where you get 
designers and other people together and you are brain-storming something. It is at that 
point that you often find that you have got the most enormous impact because it is one 
thing to look at something after it has been done but the thing that seems to fascinate 
people who can't draw, more than anything else, is watching someone go da di da 
'look at that'. 
DP: You've only got to go past those portrait artist in the tourist spots to see the 
crowds, the enormous general interest in people who can draw. But the most 
interesting thing on these occasions is that many people arc coming up with ideas and 
you can not only draw them but you also conceptualise them in the same instant. 
RS: It takes on a form. 
DP: Someone will say what about an idea for a saucepan that does this and that 
and you say 'what do you mean. like this? ' and suddenly you present them with a 
picture of it. 
SWG: Do you like looking at other designers' drawings - to get inside their heads ? 
DP: Yes, we both do. There is a certain amount of professional interest - is he any 
good?! 
RS: But as for getting inside their head, it depends, very often if you look at 
sketches you'll find they are randomised, they are not actually a flow of consciousness. 
But yes, it is always interesting to see the different ways people work in that respect. 
SWG: How does drawing help you on more technical aspects, the job you are doing, 
the product design, I assume the work isn't all styling ? 
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DP: Where drawing skill helps most is the onboard CAD-CAM again. It helps if 
you've got a very complicated bit of moulding like for example the jug kettle. You can 
visualise not only the product but the tool that makes it. You can sec where the 
undercuts are and you can configure it in your head. We sit down here with injection 
moulding problems, say working out some catch release or something. You scribble 
and the drawing helps you to understand, especially when you've got a core going 
through another core and two bits coming together, it's a very complicated three- 
dimensional puzzle. 
RS: How could you do that without drawing ? 
SWG: You would have to model it in three dimensions. 
RS: And the other thing is, supposing you had the sort of brain that could actually 
keep that, you know the sort of thing you read in the Guinness book of records of the 
guy that can keep five billion names or dates in his head. Suppose you could actually 
materialise on your onboard CADCANI this fabulously complicated component - how 
the heck do you get it out. I mean, in what form does it come out. It is very unlikely 
you are going to be able to chisel it out. There has to be an intermediate step which is 
putting lines on paper. 
DP: The drawing is the equivalent of the computer driving the robot arm, cutting 
out the block of polystyrene. The brain is driving the arm and shoving it on paper, 
which it can do quicker than wielding a tool. We do use modelling in that sense, but it 
depends on what you are doing. If we are doing a hair dryer or something you tend to 
make models quite early on. They are not really sketch-models. We personally don't 
pick up a block of polystyrene and go into the workshop with it. Perhaps we ought to 
do that and it's quite nice to do it, but somehow one becomes immune in the sense that 
our time is terribly valuable. We are actually very much better off doing something else 
and setting a student to do a model and you tell them they've done it wrong, do it this 
way. It's quicker for us, than actually going and doing it ourselves. 
SWG: Do you have a philosophy of design that embraces production, styling, 
creativity etc? 
DP: Take someone like Sottsass when he kicked off, trying desperately to come to 
terms with the new form of expression, and-production, trying to produce things in a 
certain way. A massive dilemma set in, trying to communicate in a different way and 
yet actually flying in the face of productionising the things. We are not quite lumbered 
with the same sort of problems here in as much as productionising of things. 
Consumerism is the raison d'etre. That is what it is all about. We don't see styling as 
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a dirty word but styling is very rarely the total component of what we arc doing. We 
don't take the view of design as an added value, it's an integral part of the whole of the 
thing, the article is better for the whole process of design at all stages of the game. We 
are very rarely asked to wrap a skin around something, we arc much more likely to be 
asked to completely change the thing on behalf of the client. We arc trying to produce 
something that is going to sell better, perform better, be more attractive. 
SWG: Do you also feel, deep down, that you are furthering the language of visual 
form, you are doing something intellectual about twentieth century design as well as 
just getting things that sell ? 
RS: Yes, I do, I think that we are improving the quality of life, by allowing people 
to be able to have a choice about what they surround themselves with. I mean, you can 
argue that the world doesn't need a hairdryer but if people want hairdryers they should 
have a choice of different hairdryers. 
SWG: Do you do any soul-searching on the form of hairdryers or do you just refer 
to marketing surveys? 
RS: We never look at marketing surveys. 
DP: Everything we do in that sense is totally intuitive and from the heart. It's 
'what should a hairdryer look like - it could look like this'. 
RS: Yes, we do do a lot of soul-searching in that respect. I always fight shy of 
words like philosophy, deep thinking, consideration, etc., because I think a lot of the 
time people pooh-pooh the reflex of design where they believe that they are searching 
for some deeper inner meaning of all this. In fact often the reflex reaction, the 
immediate reaction is often the right one. I am not saying it always is but it very often 
can be because an immense amount of pre-processing has already gone on inside the 
head without you realising. Because something comes out in a reflex manner or in an 
emotional manner doesn't mean it's trivial and superficial, it can often be completely the 
opposite. 
DP: We are often very self-derogatory in that sense because we will come up with 
ideas of something, look at them and evaluate them against our own screen and we 
might glibly call that post rationalising, but of course it isn't. What you are actually 
doing is coming up with an idea intuitively and then looking for facts and factors which 
support what you have done. 
RS: It may have been prerationalised, it's just that it was subconsciously 
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prcrationalised a lot of the time. You arc doing that all the time in life, you arc 
subconsciously prejudging and prerationalising, the brain is fantastically sophisticated 
in doing it. It can assess a dangerous situation in very, very small fractions of a second 
and make your body respond in a certain way. 
DP: If you are thinking of the subconscious, design activity is like a radar scanner 
where you get a lot of information coming in from varying and disparate sources, be it 
the society, art, architecture, or the market or wherever it is and all that is churned up 
and distilled within yourself. It comes out as your design and creative process. I 
actually think the creative process is better for being more intuitive. Designers who sit 
down and write a manifesto and then rationalise what they arc going to do before they 
do it, actually put a barrier, limit the scope of their creativity, by so doing. My belief is 
that you do it better by trusting your own ability, do it and then you can find support 
for what you have done, find reasons for what you have done after you have done it. It 
is not a popular view at all but certainly it is the way I think we operate here, but then 
inevitably you get criticised for it. 
SWG: To what extent is ego responsible for your decisions ? 
DP: It's very nice to be appreciated. I hope that in fifty years time people will look 
back at some of the things that we have done and say 'that's 19S8,1987', and there is 
something about it which makes it right for its time. It's always unpleasant when 
people say they don't care for something, it's true in any walk of life isn't it ? 
RS: The trick is to be able to determine what is a natural rational reaction and, 
returning to drawing, how much of it is jealousy. A section of all this which you 
haven't considered is the negative reaction a drawing can actually produce. It is quite 
an interesting one, like the negative reaction that a concert pianist can produce in some 
people, see what I mean, 'I wish I could do that'. 
SWG: Which designers do you admire - who do you think gets it right ? 
RS: I can't think of a single designer who gets it absolutely right every time. 
There are lots of people we admire, that's a different thing, we don't have design 
heroes 
DP- We admire Giugiaro, and certainly I would admire somebody like Sottsass. 
We often say it's a shame there aren't any younger design groups springing up these 
days. What's happening to them all ? You do occasionally get people like Ross 
Lovegrove, for example. He is incredibly single-track, dedicated and his belief is 
absolutely unshakeable and he still has something of what I think we had when we left 
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College, you know, we are going to take on the world. I like to scc that unshakeable 
faith in people. You can admire someone for that. You might not agree with what they 
do. 
RS: But it is incidental that they are designers, what you arc admiring is the 
attitude, it is not their ability. The nearest I can get to a designer who I really do admire 
as a designer is Mary Lewis. She is an exceptionally talented, articulate, clever 
woman, who consistently produces extremely good looking stuff that appeals to levels 
beyond mere frill, it's got guts, it's got punch to it, it's different, it changes your 
attitude to things, almost because of the massive impact it has had on so many different 
areas. That's what I like. I like the breadth of the impact it has had on so many 
different things. 
DP: Then on the other side of the scale you get people who are full of philosophy 
and incredibly interesting to listen to and to talk to about design and all the rest of it, but 
what they produce is completely off the wall and you think you can't really equate this 
intelligent thought process with what these guys are designing. 
RS: I hate most of Sottsass's work. I find it mindless, not mindless, meaningless 
jangle. 
DP: There is a lot of ghastly stuff but it is thought provoking. I was talking about 
this to a client the other day. It's a path-finding activity, it's like the path-finders in the 
war that led the Lancasters into Berlin, you know somebody out there has got to be 
flying ahead and dropping flares all over the place. They might drop a flare there, a 
flare there, and a flare there. The main fleet coming behind could sort of look at them 
and say'that's an interesting target, that's got a lot of promise'. We are all heavily 
influenced by what's happening there but it doesn't mean you make a hairdryer look 
like that. The colour, we have been impressed by the colours of things, but it's the 
approach of post-modernism, the approach that was born out of the product identity 
debate about what things should look like. 
SWG: Would you say you strive for elegance in your designs ? 
RS: It's an interesting one this. Pertinence, rather than elegance. No-one would 
call this, little handset elegant, you wouldn't say it was elegant. Exciting, appropriate 
perhaps, but I wouldn't call it 
elegant. When I think of elegance I think of continuous, 
smooth forms, organic forms, I think of things that are lacking in unnecessary 
protrusions. Things that conform to classical Greek concepts of proportion, I think of 
things like that. There is no attempt, unless it is important in our understanding, to 
make something elegant. We don't believe that military communication equipment 
Appendix I NSEAD project transcripts Dick Powell t Richard Sei inour A 103 
should be elegant. It should say I'm good looking and I'm tough and I'm better than 
the opposition, it should not say I'm elegant. I mean a racehorse should be elegant -a 
dragster or a pro-stocker should not be elegant. 
DP: This motorbike shouldn't be elegant, it would be all wrong if it was an elegant 
motorcycle, it would be like the Queen's carriage. 
RS: I believe you can produce an elegant hatchet, an elegant hammer, but you've 
got to analyse very carefully the personality that you are trying to put forward. 
DP: I think know what you mean. I just wouldn't use the word elegance. I have 
been reading Kenneth Clark who disputed the typewriter could ever be made beautiful, 
there was no way you could ever make a beautiful typewriter. 
RS: Beauty and elegance arc two different things. 
DP: That's what I am saying, I think there is a beauty, again I'm struggling to find 
words but there is a beauty about the handset which is to do with the way in which it is 
appropriate for what it has to do. A natural elegance, a formal balance. I would say 
there is a formal balance. The things we do don't look uncomfortable, they look 
relaxed for what they are. Appropriate is a better word. Appropriateness is absolutely 
right. There is not enough concern in product design with making things look right. 
There is too much concern with making it different, innovative or profound. Ve call it 
desirability, factor X. We try to make something that makes people say I don't know 
what it is but I want it. ' 
RS: I had a discussion with somebody the other day about a film and he said 
'when I go to see a film I like to be challenged'. To put through the mill a bit and have 
ones thoughts turned upside down'. When I go I like to see lots of hardware! I like to 
see films such as Top Gun. Getting back to the point, we are not trying to produce 
things that challenge the whole precept of modem life. What we are doing is producing 
things which are fitting within the comprehension of the consumer within their terms of 
reference. Things that they find exciting, desirable. We are not trying to take it so far 
ahead that there is an abyss between what we produce and the consumer. We are 
producing consumer products, we are not producing Fine Art. 
SWG: What is your opinion of the 'consumer' ? 
RS: They believe that they are being horribly manipulated. The designer should 
feed in information at ground level so that design becomes far more all-pervading 
within the educational system. People should be exposed to it as they come up through 
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the ranks. Secondly you plough your lonely furrow like Terence Conran and you try to 
affect public taste by providing them with things that arc, questionably, superior. 
DP: I think it is happening anyway. The public perception of design has been 
raised considerably over the last few years. We sometimes find within industry a 
response saying'we know that we need design - we don't really know what it is - but 
we know that we need it because our competitors have got it'. 
RS: It's 'designers virus', you know, 'we'd better have it I suppose'. 'We might 
as well get it over with'. 
SWG: Is British industry as bad as people say ? 
RS: No it's worse. Fifty percent of our work is with foreign clients. You haven't 
asked about the Japanese yet. 
SWG: What about the Japanese ?! 
RS: Ah, I'm glad you asked me that. We like working under companies and with 
companies whose marketing approach is shaped by the dictates of their Japanese lords 
and masters because they're consumerists gone mad. We like that. It's a real 'let there 
be light' philosophy. If somebody comes up from British industry they usually say 
'Can you just design this small part to go here'. The Japanese approach is to say 'Here 
is factory.... here is million people.... here is grillion yen - go and take on the world! ' 
It's a shame it's not the British who are doing it. 
SWG: Do you not find the responsibility of such scope daunting ? 
DP: Well, generally we find that is what people pay us for. They are paying us 
for what we think. It is amazing how we can go into these megacorporations, at the 
highest level. We are not wearing suits or sitting in an A. I. D. -type office with chrome 
furniture and Breuer chairs everywhere. You know what l mean. But people seem 
to want to know what we think. It is nice. 
RS: More and more, people pay us just for our opinion - not even for the work. 
just for our opinions. 
DP: And in fact the more that we do, the better we get, the more on-the-ball our 
opinions are, because we are doing it. We have both written books and I want to write 
a book about design - not about drawing - and one day I'll probably get round to doing 
it. People will probably look at you in a different way then. We feel we have no right 
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to talk about it until we have done it. Half the problem is there arc too many people out 
there who go on about it but don't actually do it. I feel that people like Giugiaro have 
the right because he's done it and he has changed the world. 
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Interview 14 
ALAN WILLIAMS 
Industrial Designer/ Director, David Carter Associates (DCA), Warwick. 
Interviewed: 2.11.1987 
SWG: I know that you have a background in Fine Art and one area that I am 
interested in is how these skills relate to the very commercial and technical world of 
Industrial design. More particularly I am concerned about the role of drawing in the 
manipulation and communication of ideas. 
AW: Yes, communication; that perhaps indicates to me the best way to present a 
drawing. It is not a strategy suited to finding a solution to my problem: I have got to be 
able to start off - even if it is with a burnt stick on a piece of paper - to scribe out an 
idea, maybe how two mouldings relate together. I can't assess that in any other way 
apart from continuously sketching certain sections of it, set out on a piece of paper, 
defining the idea until I have got a solution. From my viewpoint it is the simplest sort 
of drawing. If I go and see people and talk about potential problems, I always end up 
with a pencil in my hand, drawing the problem. 
SWG: Does it assist you in the conceptual side of the thought, i. e. do you have the 
thought first and then seek to communicate it on paper. Or do you' find sometimes that 
the act of drawing is actually fundamental in the conceptualisation ? 
AW: It is a completely interactive process. You have an idea, very of ten the idea is 
so feeble and so misty it is a bit like looking through the wrong end of a telescope. To 
bring it into focus you have got to scribble and scribble and refine it. Finally the idea 
starts to flow and join together on the surface of the paper. It is a development process. 
With a pencil in my hand I feel whole and I am only half a person without it -I am 
restricted to speaking about the design, For me it is a means of improving the design. 
SWG: You mentioned scribbling just then. 
ANY: Yes, the most appalling things to anybody else. In a discussion this morning 
we were talking about the interiors of trains and I was using the roughest sketches; 
typical 'back of a fag-packet, type of drawing but it was worth a thousand words. 
SWG: Is there any purpose in teaching that type of work in design colleges ? Thcre 
are many books on presentation but we seem to almost shelter students from the activity 
of drawing whilst thinking. 
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AW: In a way I am almost convinced that anybody can involve themselves in that 
activity, in the sketching to clarify one's own ideas rather than sketching to 
communicate. I think that by scratching away on a piece of paper the ideas expand. I 
think that people get inhibited when they are called upon to make a drawing to 
communicate, That is where you have to be trained and your technique smoothed out 
and made acceptable but I think principally anybody can sketch, the kids will do it at 
home, it is a natural thing. 
SWG: Do you think it has been stifled out of a lot of people ? 
ASV: It is difficult to say. The temptation is to say yes it has been stifled out 
because of the over-riding requirement for academic attainment. My father used to say 
"any fool can draw" and yes I think there is an element of it being a non-academic, very 
basic function but for all that I think it is fundamentally important. 
SWG: Could it be replaced by natural language, is there a grammar to replace it ? 
AW: No I don't believe that there is. You probably had the exercise at school, I 
know that I did, when you were told to describe in words, a woodscrew. You write 
three pages of rubbish whereas a ten-second fiddle with a pencil tells all the story. 
SWG: You are obviously in the position of employing graduates from art colleges 
and universities. With particular reference to their graphic work what do you look for? 
What would be the key for you to say "this person has got it" ? 
AW'V: Nearly everybody that comes to see us brings a portfolio. Of the few people 
that I see, I like to see their rough workbooks, their sketch books etc., because in a 
way that is where the ideas are given birth to. I think that presentation drawings can be 
larded and laboured over a long period of time. OK it is important to be able to give 
people presentation drawings but to get the ideas on paper, to satisfy one's own 
requirements, is much more important. I tend to look at the scrawling, the sketches. 
The better those are of course, the quicker the ideas are able to come about. 
Perhaps in certain circumstances quantity of sketching or scrawling is an indication of a 
poor or illogical process of thinking, but it can reveal a way of using a pencil as a tool 
to uncover ideas. Few people can actually sit down and draw something that they have 
imagined. It is a natural way of developing ideas. One can usually identify by looking 
at somebody's scrawlings how hard it is for them to get any ideas. if there is a flow of 
ideas the sketches, the drawings seem to indicate the lucidity of thinking. 
It may well be that some people find it difficult to communicate in discussion or in 
written form. I am not af fluent writer, I am much more at ease with a pencil. So I 
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think that very often there are great frustrations in people who are potentially very 
creative and they are channelled into an area where scrawling is somehow frowned 
upon. I think there may well be a systematic method of teaching people how to scrawl 
and therefore express their ideas, I don't know. It is a thought and it would be 
important to me, it would be an interesting way of approaching the subject. 
SWG: Your background was in sculpture and the fine arts. 
AW: Yes, my NDD (National Diploma in Design) course - the old NDD course - 
was very much a classical way of teaching people to draw. We had to sit down and 
draw the Elgin Marbles and the like, various naked women and also a lot of 
architectural drawing based on an understanding of classical proportion. Basically the 
old fashioned way of teaching people how to do it. 
SWG: What effect has this background had on your involvement with the 
technological world of design ? 
AW: My family were engineers but I was the only 'artistic' one. I could draw and 
I could paint and it was mildly interesting to members of my family but it wasn't 
engineering. It wasn't the sort of thing that engineers did. Although, in retrospect. I 
suspect that my father did a lot of scribbling in little notebooks at certain times. When I 
went to Art School I accepted the concept of being trained as an artist, probably because 
I didn't know anything better. Half-way through my training, purely by accident, I 
became involved in some detailing of some new studios. Some of the engineering 
background had rubbed off and I could do technical drawings as well which was quite 
unique. So I was able to combine the facility of being able to draw things and express 
ideas in an artistic way as well as being able to communicate through orthographic 
projection. As it has gone on that relationship has been made stronger and indeed I 
would think I am now more of an engineer than I am a designer. I would like to think 
that sometime in the near future I could get back to the things which are slightly looser. 
SWG: Should the education of engineers therefore develop a more profound 
capability with drawing ? 
AW: I suppose it would be a help but in a way don't you think that engineers who 
were given an old-fashioned classical training did this -I mean people like Brunel and 
Telford ? Maybe the engineering trade is so compartmentalised and specialised there is 
no room for this expression any more. I mean, I expect that Civil Engineers are taught 
to draw and appreciate forms of bridges and things but I couldn't be sure to what extent 
that still goes on. Certainly product engineers, while they may well be aware of the 
importance of design, are not taught the golden section or other aspects of proportion 
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SWG: To turn to the computer revolution. How do you see that affecting the creative 
role in design consultancies ? 
AW: Well, as yet I don't see it affecting the nature of the things we create or the 
way we create them. I think many people are quite happy, in fact happier, to work with 
a pencil rather than do it on a computer. My feeling is that it will come as equipment 
becomes more flexible, the learning curves will become shorter. We have thought for a 
long time about so-called computer aided design and how nice it would be to be able to 
put forms on paper which are mathematically correct but if you think about it the form 
has to be dreamt up first before you can mathematically correct it. So in a way you've 
got the chicken before the egg. Whether there will be a time when you can say you 
have created an egg that's been done by a computer from my ideas rather than scratched 
out on a piece of paper, I don't know. After all, it is only an extension of your pencil 
and pad. 
SWG: You believe it can be as creative as pencil and pad, given time? 
ASV: Given time. 
SWG: The DCA brochure outlines the variety of tasks that go on here. Does 
drawing only play a role in product styling and product conceptualisation or does 
drawing form an important medium for engineers, software designers and industrial 
designers throughout the whole organisation? 
AW: It's a whole. Without drawing it would all fall apart and disappear. I mean, 
if you talk to the accountants, and I'm not saying they all do it, but increasingly you 
will be shown curves on a piece of paper rather than sets of figures. It helps an 
understanding of the accounting process. Engineers will do it. they draw up 
performance. They draw curves, it's sketching, it is not measured. It is an indication 
to them. They have communicated their feelings about performance to you via a sketch 
or a graph and you are immediately with them. It doesn't have to be measured out or 
plotted the symbol - or the relative position of that curve on the symbol - lets you say 
"yes, I understand that". 
SWG: Do you still find time for recreational drawing ? 
AW'V: Yes, I draw quite a lot, I keep a pad in my car. I draw birds and stones. I 
think your level of inquisitiveness drops off if you are not constantly looking and 
thinking and sketching about a notion or a thought. Inquisitiveness is absolutely vital 
to a designer. If you lose interest you might as well pack it all in. 
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SWG: How does one inspire inquisitiveness in students ? 
AW: Now there's a question, I don't know how you do it, there are no formats. 
Getting back to my own school days, I think our best teacher, the best for me anyway 
was our teacher of music. At that time I hated music, listening to concertos on a 
beaten-up Pye radio. He used to launch into what I suppose were rather eccentric 
explanations of certain passages and he made it live by putting himself into the 
composer's seat and acting out certain parts. Now whether you can convert that sort of 
thing into what we're talking about I don't know. It is a personality thing... it sounds 
corny but I believe, I still believe that teachers are born, and not trained. If the spark is 
there then I think that the teacher should be sensitive enough to be able to draw it from a 
pupil by giving helpful criticism. This should always be constructive and never 
destructive, never even generally destructive, You have to turn a blind eye to the 
quirkiness of technique, perhaps, if within the technique on the paper you see it is 
giving expression to something which you recognise, that is enough. 
SWG: Are designers also born and not made, the good ones anyway ? 
ASV: Yes I think so, I think that you often meet young lads who are obviously dead 
keen and the work explodes off the paper. You can tell. You can spot it. 
SWG: Are there any designers that you would point to as being people you respect in 
terms of using drawing for this creative activity ? 
ASV: They are probably all dead I think. 
SWG: Does that mean this particular skill is dying out - that design has become too 
slick? 
AW: I don't know. If I am perfectly frank I don't know how many designers 
operate. I admire the finished work. I think generally speaking they are Italian but I 
think that one is somehow mesmerised in some romantic way by the fact that they are 
Italian, and Italy is a nice place to be and people get to be called maestro and all that 
kind of thing, I don't know. 
SWG: People like Mario Bellini ? 
A'V' I think I am right in saying that he was trained as an architect and I think the 
intellectual content is important. In the race to get trained there doesn't seem to be any 
room for the consideration of social issues. I think in architecture one has to be aware 
of those issues and I think that sort of training would help engineers and designers. It 
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would be great if it could be introduced into the training of designers. You could give 
them a broader awareness. I am not crying for methodology, I am appealing for a 
fuller appreciation of wider issues. 
SWG: Architecture is a mature profession, do you consider product design to have 
reached a maturity yet. 
AWV: I don't know. I have a feeling that design in certain instances started out 
being taught as architecture is. I suppose the Bauhaus was a leg of the architectural 
school, and that was a great benefit. I think a lot of the Italian designers are trained as 
architects, their appreciation is much broader and you can see it in the way they write, it 
is a more global style of thinking, wider, a clearer thought. 
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Appendix II 
Design briefs used in the ROCOCO Project 
Identifier Title 
Brief A Body temperature measuring device 
Brief B Portable powered barbecue grill 
Brief C `Duracell' product 
Brief D Savings box 
Brief E Childrens flask 
Brief F Ironing board 
Brief G Garden leaf collector 
Studies 
Studies W. Phase One 
Studies 2&5, Phase One 
Studies 4&6, Phase One 
Studies 1&5, Phase Two 
Study 2, Phase Two 
Study 3, Phase Two 
Study 4, Phase Two 
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Brief A Body temperature measuring device 
A company with expertise in electronic components has decided to begin manufacturing 
and marketing its own consumer products. The management board feel that with their 
first venture they must be cautious in the size and complexity of the venture. Following 
a recent incident in his home, when the family mercury thermometer was broken, the 
Managing Director has suggested that the company's first product might be a method of 
measuring body temperature so as to determine a persons state of health. It should be 
safe to use and simple to operate. 
As the newest members of the design team, without preconceived ideas about the 
company practices, you are invited to examine the problem; generate product design 
ideas for both the technological systems and the total product concept; make 
recommendations for the manufacture, materials and assembly; convey methods of use; 
suggest suitable packaging and devise a suitable name. 
The company Board have not previously had any experience of the way in which a 
product designer works so it is particularly important that one main concept is singled 
out from the idea development sheets and is clearly presented. 
Brief B Portable powered barbecue grill 
The Directors of a company specialising in the manufacture of sheet metal products 
have become aware of the growing number of cast iron and sheet metal barbecue 
products now on the market having been imported from Far Eastern countries. The 
smaller versions of these products are often taken on holiday, by caravanners and 
campers, boxed in their original packaging. 
The Directors feel that sufficient demand exists for an up-market barbecue offering a 
rotating spit facility. A raised stand is seen as an important element as many potential 
users will be in the older age groups. Such a product would need to be folded or 
dismantled and transported - probably inside a caravan or the boot of a car. Compact 
storage at home should also be a factor. 
Your company has been approached for ideas and a major design proposal based on 
sheet metal and lightweight metal rod for an outdoor, powered barbecue dill. You are 
asked to consider this area together with the implicit problems and to develop a 
response to it. Your client wishes to see a fairly detailed proposal by the deadline. 
Consider materials, production, marketing and technological details in your 
development. 
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Brief C `Duracell' product 
The firm of Duracell have attempted to raise their profile in the market place through the 
provision of design conscious products for which their batteries provide the power. 
The Durabeam torch is one such example. 
The company is now looking for other products to extend this design image while 
promoting the purchase of Duracell batteries. 
You are asked to propose a range of ideas and to develop one battery-powered product 
which fulfils this objective. The company do not wish to retain any elements of their 
existing `house style' and therefore these considerations will be expected along with 
those of manufacturing, materials, assembly, costing and marketing. 
Brief D Savings box 
Your client, a well known toy manufacturer, has come to an arrangement with a major 
Building Society in an attempt to get children to save more money. They have jointly 
decided that they will provide any investing family with a free money box. The have 
come to your design team for ideas for the design of this money box and arc 
particularly interested in exploiting the movement of noise associated with coins. They 
do not want mere animal shapes, cartoon characters etc. They have not ruled out 
simple electronics if you think this is advantageous. 
You are asked to consider this area together with the implicit problems and to develop a 
response to it. Your client wishes to see a fairly detailed proposal by the deadline. 
Consider materials, production, marketing, human factors and technological details in 
your development. 
Brief E Childrens flask 
Many large High Street multiples such as Boots or British Home Stores retail a wide 
range of products for the preparation and storage of foodstuffs. However, the small 
range of containers for transporting and maintaining drinks and other liquid-based 
foodstuffs in a hot or cold state is now dated, unattractive and inappropriate. especially 
to the younger age groups. 
With the heightened awareness of diet and recent reductions in lunch services by 
schools the client wishes to enter the market with a rugged and efficient portable 
container for soups, drinks, etc. It should be acceptable to school children of both 
sexes. 
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You are asked to consider this area together with the implicit problems and to develop a 
response to it. Your client wishes to see a fairly detailed proposal by the deadline. 
Consider materials, production, marketing, human factors and technological details in 
your development. 
Brief F Ironing board 
The design of domestic steam irons has received great attention in recent years. So too 
has the technology of fabric and garment construction. However, the activity of 
ironing is still largely unpleasant, partly due to the poor design of ironing boards. Your 
client is responsible for product innovation in a light engineering company who have 
experience of high quality construction and finishing in metals and plastics. They have 
approached your design team for a suitable replacement for the domestic ironing board 
that will be acceptable to the mass market. 
You are asked to consider this area together with the implicit problems and to develop a 
response to it. Your client wishes to see a fairly detailed proposal by the deadline. 
Consider materials, production, marketing, human factors and technological details in 
your development. 
Brief G Garden leaf collector 
Fallen leaves represent an excellent potential source of compost such as leaf mould. 
However, the gathering and processing of leaves represents such a difficult procedure 
that many gardeners or smallholders tend to ignore this resource and instead purchase 
alternative products for soil improvement. The client wishes your design team to 
consider the collecting of dead leaves. The client, in this instance, is a large 
manufacturer of hand and powered garden products with capabilities to form a wide 
range of materials. 
You are asked to consider this area together with the implicit problems and to develop a 
response to it. Your client wishes to see a fairly detailed proposal by the deadline. 
Consider materials, production, marketing, human factors and technological details in 
your development. 
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Appendix III 
ROCOCO Phase One drawing sheets 
Study No Brief Title 
Study 1 Brief A Body temperature measuring device 
Study 2 Brief B Portable powered barbecue grill 
Study 3 Brief A Body temperature measuring device 
Study 4 Brief C `Duracell' product 
Study 5 Brief B Portable powered barbecue grill 
Study 6 Brief C 'Duracell' product 
Appendix III ROCOCO Phase One drawing sheets 
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Appendix IV 
AGA data capture sheets 
1. Phase One - Graphic Acts by 5 minute time band 
2. Phase Two - Graphic Acts by 5 minute time band 
3. Phase One - Distribution of SGAs over sketches 
4. Phase Two - Distribution of SGAs over sketches 
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1. Phase One - Graphic Acts by 5 minute time band 
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Data Sheet 2: 
Drawing Graphic Acts (DGAs) 
distributed across drawings 
Subject A Subject B 
! ý[. t 4(. 4 ß. k4 
Subject A Subject B 
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visited drawings 
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No of Drawings 
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Appendix V 
AGA project, Phase One and Phase Two bar charts of 
graphic activity 
Phase One: Studies 1-6 
2. Phase Two: Studies 1-5 
Appendix V AGA project, bar charts of graphic activity 
Subject 
IA 
Subject 
lB 
\Vnttcn Graphic : \cts 
Sketch Graphic Acts 
PHASE ONE, STUDY 1: Bar chart showing the production of Written Graphic Acts & 
Sketch Graphic Acts for subject pair 1 during a one hour design task in Phase One. 
Subject 
2A 
Subject 
2B 
" t-11 tcn (; rJI)III . 
Act, 
n 
Sketch Graphic Act" 
PHASE ONE. STUDY 2: Bar chart showing the production of Written Graphic Acts 
Sketch Graphic Acts for subject pair 2 durin- a one hour design task in Phase One. 
Subject 
3A 
Subject 
3B 
j 
\\ rittcn (iiaphic Acts 
Sketch ('graphic A: ts 
PHASE ONE, STUDY 3: Bar chart showing the production of Written Graphic Acts & 
Sketch Graphic Acts for subject pair 3 during a one hour design task in Phase One. 
Subject 
4A 
Subject 
4B 
n 
Sketch Graphic Acts 
PHASE ONE, STUDY 4: Bar chart showing the production of \tiritten Graphic Acts & 
Sketch Graphic Acts for subject pair 4 during a one hour design task in Phase One. 
\\ ritten Graphic Act's 
Subject 
5A 
Subject 
5B 
Witten Graphic Acts 
Sketch Graphic : \cts 
PHASE ONE. STUDY 5: Bar chart showing the production of Written Graphic Acts & 
Sketch Graphic Acts for subject pair 5 during a one hour design task in Phase One. 
Subject 
6A 
Subject 
6B 
I 
\V ritten Graphic : \ct. " 
D 
Sketch Graphic Acts 
PHASE ONE, STUDY 6: Bar chart showing, the production of Written Graphic & 
Sketch Graphic Acts for subject pair 6 during a one hour design task in Phase One. 
Subject 
IA 
Subject 
1B 
D 
Sketch Graphic Act,, 
PHASE TWO. STUDY 1: Bar chart showing the production of Written Graphic Acts S: 
Sketch Graphic Acts for subject pair 1 during a one hour design task in Phase Two. 
I 
\Vnttcn Graphic Acts 
Subject 
2A 
Subject 
2B 
Written Graphic acts 
Skctch Graphic Acts 
PHASE TWO. STUDY 2: Bar chart showing the production of Written Graphic Acts & 
Sketch Graphic Acts for subject pair 2 during a one hour design task in Phase Two. 
Subject 
3A 
Subject 
3B 
D 
Sketch Graphic Acts 
PHASE TWO. STUDY 3: Bar chart showing the production of Written Graphic Acts 
Sketch Graphic Acts for subject pair 3 during a one hour design task in Phase Two. 
I 
Written Graphic Acts 
Subject 
4A 
Subject 
4B 
Skctch Graphic Acts 
PHASE TWO. STUDY 4: Bar chart showing the production of Written Graphic : \cts 
Sketch Graphic Acts for subject pair 4 during a one hour design task in Phase Two. 
Written Graphic Acts 
Subject 
5A 
Subject 
5B 
Sketch (ir, iphir . 
ACt, ý 
PHASE TWO. STUDY 5: Bar chart showing the production of Written Graphic Acts & 
Sketch Graphic Acts for subject pair 5 during a one hour design task in Phase T\%o. 
1 
\\ 1-1ttc11 (; raýýh . 
\ýt< 
Appendix VI 
AGA project, design quality assessment sheet 
1. Blank design quality assessment sheet 
Appendix VI AGA project, design quality assessment sheet- 
Assessment Criteria for Proximal and Remote Design Output - Quality of 
the Design Proposal 
Condition: Remote / Proximal 
Study Number: ......................... 
Design Brief: .................................................................. 
1. Level of communication. (How easy is it to understand the proposal from the 
design pages? ) 
Poor ýýý ý4 ý Excellent 
2. Level of `finish' apparent in the proposal (details of overall form, materials, 
construction, assembly etc). 
Poor ýýýýý Excellent 
3. Level of match between the requirement as described in the design brief and the 
proposal as seen in the design pages. 
Poor 11ýýýý Excellent 
4. Level of plausibility and/or practicality in the proposal 
Poor ýýýýý Excellent 
5. Level of inventiveness, creativity and/or innovation in the proposal 
Poor ýýýýý Excellent 
6. Appropriateness of proposal for the subjects age, education and experience. 
Poor ýýý ý4 ý Excellent 
Appendix VII 
SPSS off-prints 
1. Descriptives 
2. Comparison of Phase One and Phase Two via the t-test 
3. Comparison of Phase One and Phase Two via the Mann-Whitney test 
3.1 Ranks 
3.2 Significance statistics 
Appendix VII SPSS off-prints 
Descriptives 
Descriptive Statistics ? 14ASE- OA_ 
N Minimum Maximum Mean 
Std. 
Deviation 
B 6 53.00 79.00 66.6667 12.0941 
C1 6 415.00 1505.00 1078.0000 439.0080 
C2 6 562.00 1577.00 1043.3333 341.5135 
D 6 1335.00 3082.00 2121.3333 616.3196 
E 6 53.00 88.00 67.0000 15.6077 
F 6 43.00 71.00 53.5000 10.2518 
G 6 9.00 16.00 12.1667 2.7869 
Hl 6 44.00 120.00 86.6667 31.0591 
H2 6 65.00 100.00 86.3333 13.1250 
6 120.00 214.00 173.0000 31.7049 
J 6 2.79 4.30 3.2983 . 5351 
K1 6 21.00 45.00 34.6667 9.0921 
K2 6 22.00 33.00 28.6667 4.4572 
L 6 36.00 106.00 79.8333 25.0473 
M 6 30.00 63.00 45.6667 12.0277 
Nl 6 28.00 55.00 39.6667 9.7912 
N2 6 64.00 80.00 73.6667 5.6095 
Valid N (listwise) 6 
Descriptive Statistics pI4-AS_ -rzo 
N Minimum Maximum Mean 
Std. 
Deviation 
B 5 43.00 63.00 55.0000 8.3666 
C1 5 991.00 1956.00 1639.0000 399.6204 
C2 5 1349.00 1684.00 1558.4000 129.8222 
D 5 2340.00 3525.00 3197.4000 494.2017 
E 5 42.00 50.00 47.0000 3.7417 
F 5 41.00 50.00 44.6000 3.5777 
G 5 12.00 20.00 16.0000 3.1623 
Hl 5 84.00 135.00 107.6000 20.4157 
H2 5 64.00 125.00 93.6000 25.8322 
5 158.00 229.00 201.2000 26.7899 
J 5 3.59 4.98 4.5180 . 5776 
K1 5 22.00 33.00 28.4000 4.1593 
K2 5 22.00 37.00 29.6000 5.4129 
L 5 88.00 148.00 122.4000 29.1942 
M 5 38.00 74.00 61.2000 14.3771 
NI 5 18.00 30.00 22.8000 4.7645 
N2 5 41.00 68.00 51.2000 10.7564 
Valid N (listwise) 5 
T-Test 
Group Statistics 
Std. Std. Error 
COND N Mean Deviation Mean 
B 1.00 6 66.6667 12.0941 4.9374 
2.00 5 55.0000 8.3666 3.7417 
Cl 1.00 6 1078.0000 439.0080 179.2243 
2.00 5 1639.0000 399.6204 178.7157 
C2 1.00 6 1043.3333 341.5135 139.4223 
2.00 5 1558.4000 129.8222 58.0582 
D 1.00 6 2121.3333 616.3196 251.6114 
2.00 5 3197.4000 494.2017 221.0137 
E 1.00 6 67.0000 15.6077 6.3718 
2.00 5 47.0000 3.7417 1.6733 
F 1.00 6 53.5000 10.2518 4.1853 
2.00 5 44.6000 3.5777 1.6000 
G 1.00 6 12.1667 2.7869 1.1377 
2.00 5 16.0000 3.1623 1.4142 
Hl 1.00 6 86.6667 31.0591 12.6798 
2.00 5 107.6000 20.4157 9.1302 
H2 1.00 6 86.3333 13.1250 5.3583 
2.00 5 93.6000 25.8322 11.5525 
1.00 6 173.0000 31.7049 12.9435 
2.00 5 201.2000 26.7899 11.9808 
J 1.00 6 3.2983 . 5351 . 2184 
2.00 5 4.5180 . 5776 . 2583 
K1 1.00 6 34.6667 9.0921 3.7118 
2.00 5 28.4000 4.1593 1.8601 
K2 1.00 6 28.6667 4.4572 1.8196 
2.00 5 29.6000 5.4129 2.4207 
L 1.00 6 79.8333 25.0473 10.2255 
2.00 5 122.4000 29.1942 13.0560 
M 1.00 6 45.6667 12.0277 4.9103 
2.00 5 61.2000 14.3771 6.4296 
Nl1.00 6 39.6667 9.7912 3.9972 
2.00 5 22.8000 4.7645 2.1307 
N2 1.00 6 73.6667 5.6095 2.2901 
2.00 5 51.2000 10.7564 4.8104 
NPar Tests 
Mann-Whitney Test 
Ranks 
Sum of 
COND N Mean Rank Ranks 
B 1.00 6 7.33 44.00 
2.00 5 4.40 22.00 
Total 11 
ci1.00 6 4.17 25.00 
2.00 5 8.20 41.00 
Total 11 
C2 1.00 6 4.00 24.00 
2.00 5 8.40 42.00 
Total 11 
D 1.00 6 3.83 23.00 
2.00 5 8.60 43.00 
Total 11 
E 1.00 6 8.50 51.00 
2.00 5 3.00 15.00 
Total 11 
F 1.00 6 7.58 45.50 
2.00 5 4.10 20.50 
Total 11 
G 1.00 6 4.42 26.50 
2.00 5 7.90 39.50 
Total 11 
H1 1.00 6 5.17 31.00 
2.00 5 7.00 35.00 
Total 11 
H2 1.00 6 5.92 35.50 
2.00 5 6.10 30.50 
Total 11 
1.00 6 4.67 28.00 
2.00 5 7.60 38.00 
Total 11 
J 1.00 6 3.67 22.00 
2.00 5 8.80 44.00 
Total 11 
K1 1.00 6 7.17 43.60- 
2.00 5 4.60 23.00 
Total 11 
K2 1.00 6 6.00 36.00 
2.00 5 6.00 30.00 
Total 11 
L 1.00 6 4.25 25.50 
2.00 5 8.10 40.50 
Total 11 
M 1.00 6 4.42 26.50 
2.00 5 7.90 39.50 
Total 11 
N1 1.00 6 8.33 50.00 
2.00 5 3.20 16.00 
Total 11 
N2 1.00 6 8.33 50.00 
2.00 5 3.20 16.00 
Total 11 
Test Statisticsb 
B Cl C2 D E 
Mann-Whitney U 7.000 4.000 3.000 2.000 . 000 
Wilcoxon W 22.000 25.000 24.000 23.000 15.000 
Z -1.513 -2.008 -2.191 -2.373 -2.751 
Asymp. Sig. (2-tailed) . 130 . 045 . 028 . 018 . 
006 
Exact Sig. [2*(1-tailed Sig. )] 177a . 052a . 030a . 017a . 004a 
Test Statisticsb 
F G H1 H2 I 
Mann-Whitney U 5.500 5.500 10.000 14.500 7.000 
Wilcoxon W 20.500 26.500 31.000 35.500 28.000 
Z -1.742 -1.750 -. 915 -. 091 -1.461 
Asymp. Sig. (2-tailed) . 081 . 080 . 360 . 927 . 144 
Exact Sig. [2*(1-tailed Sig. )] 082a 082a 429a 931a 177a 
Test Statisticsb 
J KI K2 L M 
Mann-Whitney U 1.000 8.000 15.000 4.500 5.500 
Wilcoxon W 22.000 23.000 30.000 25.500 26.500 
Z -2.562 -1.281 . 000 -1.921 -1.738 
Asymp. Sig. (2-tailed) . 010 . 200 1.000 . 055 . 082 
Exact Sig. [2'(1-tailed Sig. )] 009a . 247a 1.000a . 052a . 082a 
Test Statisticsb 
Ni N2 
Mann-Whitney U 1.000 1.000 
Wilcoxon W 16.000 16.000 
Z -2.556 -2.556 
Asymp. Sig. (2-tailed) . 011 . 
011 
Exact Sig. [2*(1-tailed Sig. )] 009a . 009a 
a. Not corrected for ties. 
b. Grouping Variable: COND 
